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AIRTEMP MODEL 1008 AIR 
CONDITIONER WITH 
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SHOW MECHANISM; ONE 
UNIT OF COMPLETE LINE 
MADE BY AIRTEMP DIVI- 
SION OF CHRYSLER CORP. 
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Proof of Dependability 


The repeated selection by a leading manufacturer 
of a device for inclusion in his product has a lot 
of meaning. In all evidence the device has proved 
its dependability to his satisfaction. Look at the 
facts. The leadership of any company can only 


follow a policy of scrupulous attention to every 
detail influencing product performance in the 
user’s hands. Therefore, it is important to note 
how frequently and continuously so many leading 
machinery manufacturers select Cutler-Hammer 


reflect the market’s approval of its product. The | Motor Control for their machines. There can be 0 
market thus favors the product above many __ no better proof of the dependability of this control. It 
others .. . preferring it because of demonstrated And no better reason for you to specify it, too. T 
superiority in actual use. But such position of CUTLER-HAMMER, Inc., 1310 St. Paul Ave., N 
commercial advantage is not easily won. Nor Milwaukee 1, Wis. Associate: Canadian Cutler- . 
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easily held. That is why leading manufacturers 


Hammer, Ltd., Toronto, Ontario. 





Mac 







MACHINE ESIGN OCTOBER 1952, Vol. 24—No. 10 
THE PROFESSIONAL JOURNAL FOR ENGINEERS AND DESIGNERS 


es 
Ea 





TOMORROW'S MATERIALS . x ¢ Editorial 109 


How will the easing of material restrictions influence tomorrow's designs? 





ENGINEERING MATERIALS |. a ee oe By Benjamin L. Hummel! 110 


Some directions toward which to look for new opportunities in materials selection 









SCANNING THE FIELD FOR IDEAS.......... ce GES adherens 


Humidity control — constant-pressure springs — corrugated transformer cores — gearmotor — 
mercury float valve 


FRICTION DYNAMOMETER._. . is a aedih as aban deneonit bike aa aaaee By D. J. Bonawit 119 


Automatic torque control permits close control of major characteristics of friction materials 











cic w ew can ek ee put eméaeudas eas 5 See eataMe bes 


A special 36-page symposium reporting trends and developments in ten major groups 
of engineering materials 






ee ......By Albert Woodruff Gray 161 


Definite steps must be taken to maintain rights to an idea or invention 









CONTEMPORARY DESIGN.......... Lava oe Cee eees ee eee 164 


Walking dragline—torch carriage—circuit breaker 






ER ere ...........By Louis D. Martin 169 


Better cut gears at reduced cost are possible through gear blanks designed for simplified 
and practical machining 






HIGH-SPEED ROTARY CUTTER Sk ae ns .........By Chas. D. Nitchie 174 


Ingenious double-crank accelerating mechanism provides cutoff length adjustment syn- 
chronized with line speed of continuous web stock 







HYDROSTATIC BEARINGS. ... po eee ee .........By P. S$. Potts 180 


In slowly moving or rotating assemblies, hydrostatic bearings can reduce friction to the 
irreducible minimum. One method of applying this type of bearing is outlined 






LIGHTWEIGHT STIFFENED SECTIONS..................2.00055. By Melvin Stone 185 


Materials evaluation and design considerations for lightweight high-strength sections 
utilized in developing a special aircraft cargo floor 
















DESIGNING COLD IMPACT FORGINGS..... ...By R. A. Quadt 


Production and Design—The strong aluminum alloys offer new opportunities for simplifica- 
tion and cost reduction 










QUALITY CONTROL METHODS... re cilia teh auton. in By Dorian Shainin 


Part 4—The general spread of production tolerances, and how quality control can provide 
reliable results in design 









DESIGN ABSTRACTS........ hes Ae awe 


Your engineering attributes—pulse excitation of resistance strain gages—lightweight sand- 
wich structures—nuclear power production—plastic prototypes—office electronics 










REVIEW OF SURFACE FINISH LITERATURE. .By John W. Sawyer 


A continuation of abstracts of recently published articles on the subject of surface finish 











Over the Board 4 Helpful Literature 217 Engineering News Roundup $244 
Itemized Index 7 Men of Machines 220 Report on Materials 260 
Topics 104 ae Stress Relief 270 
New Parts and Mcterials 202 The Engineer's eary 226 Meetings and Expositions 324 
Engineering Dept. Equipment 214 Noteworthy Patents 236 New Machines 350 






MACHINE DESIGN—October 1952 





er the Ford 


introducing a New Editor 


This month a new name appears 
on our “masthead” (the right-hand 
column on this page) — that of 
Keith Carlson who joined our edi- 
torial staff last month. Keith, 
whose picture appears on Page 
220, is a graduate of Case Insti- 
tute of Technology (B.S. in Elec- 
trical Engineering). Before com- 
ing with us he was in charge of 
the writing of service manuals for 
the Euclid Road Machinery Co., 
and prior to that was a sales engi- 
neer for the W. S. Tyler Co. Dur- 
ing the war he served overseas as 
a radio operator with the 13th Ar- 
mored division in France and Ger- 
many. The appointment of an 
electrical engineering graduate to 
the editorial staff is part of our 
program to extend the coverage 
of electrical drives and controls in 
MACHINE DESIGN. 


This Month's Cover 


Engineering materials have dif- 
ferent aspects for different people. 
Metallurgists see them as crystal 
grains and phase diagrams, pur- 
chasing agents see them as figures 
on a price sheet, design engineers 
see them as the stuff that gives 
substance to their ideas. Our front 
cover this month presents still an- 
other viewpoint—that of the stock- 
room clerk. Regardless of your 
point of view you will agree, we 
feel sure, that the color coding ex- 
amples which Penton artist George 


AUILIEULN2TUA AUTON 


Farnsworth has arranged in an at- 
tractive design make a striking dis- 
play to introduce this annual en- 
gineering materials issue. 

The same pattern somewhat 
modified serves to introduce the 
feature section “Materials in De- 
sign” (Page 125) a symposium of 
ten articles contributed by out- 
standing authorities which associ- 
ate editor Ben Hummel has round- 
ed up for your enlightenment. As 
usual, extra copies of this section 
as well as of other articles in this 
issue are available for the asking 
so long as the supply lasts. Just 
fill out the handy postcard opposite 
Page 193. 


A Promotion 


Bob Stedfeld, who has been an 
assistant editor of MACHINE DE- 
SIGN since the spring of 1951, has 
been promoted to associate editor. 
Among other things, Bob has the 
exacting job of seeing that the 
magazine all fits together, with 
neither blank pages nor super- 
posed pages in the editorial sec- 
tion. You will find his picture on 
Page 220 of this issue. 


How Many People? 


While on the subject of our own 
staff, we are often asked how many 
people it takes to produce MACHINE 
DESIGN. Because some devote only 
part of their time to this publica- 
tion a precise answer isn’t possible 
in terms of manpower, but there 
are 30 people devoting full time 
and 12 devoting part of their time 
to the publishing operation. These 
comprise the editors and artists 
who create the editorial pages, the 
salesmen, and the circulation 
people who see that the magazine 
gets into the right hands. 


TNSATAOUUALUUTU SAULT 








EDITORIAL STAFF 


Coutin CARMICHAEL 
Editor 
Rocer W. Bowz, Associate Editor 
Benjamin L. Hummet, Associate Editor 
E.man R. Dunn, Associate Editor 
Rospert L. Srepretp, Associate Ed:tor 
Leo F. Srecror, Assistant Editor 
Keirn A. Cartison, Assistant Editor 
Jane Il. Smiru, Assistant Edito: 
Frank H. Burcess, Art Editor 
Laurence E. Jermy, Consulting Editor 


B. K. Price, L. E. Browne 
.. Erue F. Ross 


New York.... 
Chicago 
Pittsburgh 
Er ..H. C. Turn 
Washington. . E. C. Kreurzperc 
Pac ctecaxaews Vincent Deport 


BUSINESS STAFF 


Rosert L. HARTFORD 
Business Manager 


Mary L. CaLianan, Service Manager 
Ricuarp J. StRNAD, Production Manager 
Jack C. Gernuarp, Circulation Manager 


..Howarp H. Dreyer 
Ricwarp K. Lorz 


Russett H. Smita 
Epwarp S. Lawson 
Atan C. Buoaee 


Harotp B. Verra 
Jack W. Watton 


..F. J. Furs 
Frep J. ALLEN 


MAIN OFFICE 


Penton Building, Cleveland 13, Ohio 
Main 1-8260 


Chicago 


Bow Terk. oo. ccccse 


Cleveland 


Los Angeles ..... ; 
Griffin, Ga 


Branch Offices 


New York 17 — ....60 East 42nd St. 
Murray Hill 2-2581 


; 520 North Michigan Ave. 
Whitehall 4-1234 


Pittsburgh 19.... 2837 Koppers Building 
Atlantic 1-3211 


6560 Cass Ave. 
Trinity 5-3024 


Washington #.....1123 National Press Bldg. 
Executive 6849 


Los Angeles 48 6262 Commodore Sloat Drive 
Webster 1-6865 


Geis Gai. «ci cccess 331 South Twelfth St. 
London, S.W.1 2 Caxton St., Westminster 


Chicago 11... 


Detroit 2 


Published by 
THE PENTON PUBLISHING COMPANY 
President and Treasurer 
Chairman 
Vice Pres., Director of Adv. 
Vice Pres. and Secretary 


Asst. Secy. and Asst. Treas. 


Also publisher of ‘ 
Steel © Foundry © New Equipment Digest 


Gh Gh BRAGS. occ ccs 
E. L. SHANER 
R. C. JAENKE 
F. G. STeineBACcH 
J. P. Lipxa 


Published on the seventh of each :month. 
Subscripiton in the United States and posse 
sions, Canada, Cuba, Mexico, Centra and 
South America: One year $10. Single copies, 
$1.00. Other countries one year, $15. Copy- 
right 1952 by The Penton Publishing Com- 
pany. Acceptance under Act of June 5, 1934. 


Authorized July 20, 1934. 


—_ 


CCA 








MACHINE DESIGN—October 1952 





T 


Classified for convenience when studying specific design problems 


Design—General 


Cold impact forgings, Edit. 190 
Engineering attributes, Edit. 199 
Friction dynamometer, Edit. 119 
Gear blanks, Edit. 169 

High-speed rotary cutter, Edit. 174 
Hydrostatic bearings, Edit. 180 
Lightweight sections, Edit. 185 
Materials in design, Edit. 125 
Opportunities in materials, Edit. 110 
Protecting ideas, Edit. 161 

Quality control, Edit. 193 

Surface finish, Edit. 328 


Engineering Department 


Drafting room: 
Equipment, Edit. 214; Adv. 50, 103, 
264, 405 
Supplies, Adv. 50, 264, 336, 415 
Management, Edit. 110, 161, 193, 199, 
314; Adv. 14 
Research and experimental, Edit. 214, 
277; Adv. 289, 411, 421 


Materials 


Aluminum alloys, Edit. 152; Adv. 32, 
70, 82, 285, 408 

Beryllium-copper, Adv. 373 

Brass, Edit. 128; Adv. 329, 377, 422 

Bronze, Edit. 129; Adv. 236, 314, 377, 
329, 403 

Carbon and graphite, Adv. 311 

Clad metals, Adv. 251, 260, 262 

Copper alloys, Edit. 127; Adv. 67, 
377, 422 . 

Corrosion-resistant, Edit. 155 

Felt, Adv. 284 

Friction materials, Adv. 94 

Heat-resistant, Edit. 159 

Magnesium alloys, Edit. 141; Adv. 368 

Nickel alloys, Adv. 374 

Paint, Edit. 202 

Plastics, Edit. 149; Adv. 22, 53, 56, 
107, 225, 305, 349, 362, 372, 380, 410 

Powder metal, Edit. 145 

Protective coating, Adv. 252, 316, 406 

Rubber and synthetics, Edit. 137; 
Adv. 221, 372, 379, 398 

Stainless steel, Adv. 58 

Steel, Edit. 133; Adv. 40, 101, 240, 
262, 334, 354, 367, back cover 

Titanium alloys, Edit. 130 


Parts 


Balls, Adv. 306 
arings: 
Ball, Edit. 240; Adv. 6, 12, 38, 59, 
= 254, 255, 276, 280, 341, 358, 
Needle, Adv. 271, 366 
Roller, Adv. 12, 33, 38, 219, 276, 
280, 318, 350, 353, 366, 381, back 
cover 
Sleeve, Edit. 206, 209; Adv. 72, 180, 
a 236, 259, 338, 358, 364, 371, 
i 
Bellows, Edit. 212; Adv. 369 
Belts: : 
Conveyor, Adv. 222 
‘Transmission, Adv. 20, 80, 393, 405 
Bimetal parts, Adv. 253 


Brakes, Adv. 10 
Castings: 

Centrifugal, Adv. 88 

Die, Adv. 82, 296, 330, 382, 389 

Investment, Adv. 365, 386 

Permanent mold, Adv. 49, 82, 248, 
272, 296, 389 

Sand, Adv. 49, 82, 92, 248, 282, 327, 
390, 401 

Chains, transmission, Adv. 26, 99, 297 

Clutches, Adv. 10, 231, 268, 333, 356, 
409, 411 

Conveyors, Adv. 26 

Counters, Adv. 48, 402 

Couplings, Edit. 208; Adv. 75, 321, 
407, 415 

Drives, adjustable-speed, Adv. 30, 54, 
400 

Electric Accessories: 

Connectors, Adv. 76, 294, 412 

Contacts, Adv. 364 

Transformers, Adv. 320 

Electric Controls: 

Circuit breakers, Edit. 168, 207 

Contactors, Adv. 74 

Control assemblies, Edit. 116, 203; 
Adv. inside front cover, 16, 42, 
80, 258 

Rectifiers, Adv. 385 

Relays, Edit. 202; Adv. 74, 108, 
239, 317 

Rheostats, Adv. 46 

Solenoids, Adv. 378, 409, 413 

Starters, Edit. 208; Adv. 28, 61, 97, 
300, 406 

Switches, Edit. 206, 212; Adv. 14, 
356, 378, 401 

Thermostats, Edit. 212; Adv. 8, 93 

Electric motors: 

Fractional and integral hp, Adv. 14, 
28, 80, 215, 227, 242, 261, 281, 
288, 292, 319, 413, inside back 
cover 

Gearmotors, Edit. 118; Adv. 68, 292 

Miniature, Edit. 207; Adv. 376, 403 

Timing, Adv. 230, 397 

Engines, Adv. 224, 249, 270 
Fasteners: 

Inserts, Adv. 69, 324 

Locking, Edit. 209, 210; Adv. 243, 
326 

Nuts, bolts, screws, Adv. 60, 86, 90, 
96, 98, 216, 243, 250, 263, 302, 
370, 395, 401, 410 

Pins, Adv. 237, 312, 412, 414 

Rivets, Adv. 287, 370 

Felt parts, Adv. 284 
Filters, Edit. 202, 236; Adv. 404, 407 
Fittings (pipe, tube and hose), Edit. 
206, 207, 210; Adv. 44, 315, 325, 331 
Forgings, Edit. 190; Adv. 299 
Gages, Adv. 404 
Gears, Edit. 169; Adv. 5, 25, 34, 52, 
233, 274, 295, 337, 387, 396 
Governors. Edit. 240 
Heaters, Adv. 412 
Heat exchangers, Adv. 267, 383 
Hose: 
Metallic, Adv. 62, 91. 343. 369. 419 
Nonmetallic, Edit. 204; Adv. 94 
Hydraulic equipment: 
Accumulators, Adv. 78 


Controls, Edit. 203, 208; Adv. 414 
Cylinders, Adv. 279, 282, 339, 345, 
405 
Motors, Adv. 9, 360 
Pumps, Edit. 203, 236; Adv. 9, 30, 
87, 293, 320, 328, 340, 342, 346, 
352, 360, 375, 410 
Systems, Edit. 124; Adv. 247 
Valves, Edit. 203, 205, 208, 212; 
Adv. 1, 9, 223, 360, 375, 403, 407, 
411 
Instruments, Edit. 238 
Joints, swivel, Adv. 66, 315 
Latches, Adv. 220 


Lubrication and equipment, Edit. 184, 
204; Adv. 213, 257, 291, 335 

Machined parts, Adv. 275, 306, 402 

Mechanical controls, Edit. 118, 204 

Mountings, vibration, shock, Adv. 
298, 308, 421 

Nameplates, Adv. 407 

Pipe, Edit. 202; Adv. 44, 394 

Plastic parts, Edit. 209, 301; Adv. 22, 
37, 53, 225, 349, 380, 409 

Plugs, Adv. 243 

Pneumatic equipment: 
Accumulators, Adv. 78 
Compressors, Adv. 314 
Controls, Adv. 21 
Cylinders, Adv. 282, 323, 345, 405 
Pumps, Adv. 87, 402 
Valves, Edit. 203, 205, 210; Adv. 

1, 270, 363 

Powder-metal parts, Adv. 241 

Pulleys and sheaves, Adv. 65, 80 

Reducers, Speed, Adv. 13, 57, 102, 
226, 295, 396, 404 

Rings, retaining, Adv. 41, 229 

Rubber and synthetic parts, Adv. 238, 
277, 290, 379, 398, 408 

Seals, packings, gaskets, Edit. 207, 
209; Adv. 2, 79, 94, 105, 234, 256, 
280, 344, 355, 384, 385, 391 

Shafts, Adv. 301, 417 

Shapes, special, Edit. 117; Adv. 40, 
266, 370 

Shims, Adv. 18 

Spindles, Adv. 313 

Springs, Edit. 117; Adv. 84, 232, 408 

Stampings, Adv. 45, 413 

Timers, Adv. 24, 73, 230, 273, 291, 310 

Torque converters, Adv. 348 

Transmissions, Edit. 210; Adv. 228 

Tubing, Adv. 266, 283, 307, 322, 347, 
392, 394, back cover 

Universal joints, Adv. 309 

Valves (see also Hydraulic and Pneu- 
matic), Adv. 44, 359, 414 

Weldments, Adv. 275, 328, 351, 357 

Wire and wire products, Adv. 222 


Production 


Casting, Adv. 235 

Grinding, Adv. 100 

Inspection and Testing, Edit. 119, 
214; Adv. 278, 304, 388 

Materials handling, Edit. 184; Adv. 
385 

Special machines, Edit. 174; Adv. 399 

Welding, cutting, Edit. 167; Adv. 64, 
357 
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If this is 


your product 


PERCOLATORS 
FLATIRONS 
VAPORIZERS 
FURNACE FANS 
STEAM IRONS 
STERILIZERS 


FLAT IRONS 

IRONERS 

WAFFLE IRONS 
PERCOLATORS 
INDUSTRIAL APPLIANCES 


BUTTER WARMERS 
RECTIFIER FANS 
ELECTRONIC DEVICES 
INDUSTRIAL APPARATUS 
AVIONIC DEVICES 
WATER TANKS 


STEVENS 


thud tt your thewnostat 


TYPE SA THERMOSTATS 


for sensitive, snap-action control char. 
acteristics. Operate on differentials as 
narrow as 10°F or on wide differentials 
up to 100°F. Available in adjustable 
(shown), non-adjustable or manual 
reset (Type SM) styles. Also for single- 


pole double-throw operation. 


TYPE S THERMOSTATS 


give clean, positive make and break. 
Single-stud mounting gives metal-to- 
metal contact with controlled device for 
faster bimetal response, closer temper- 
ature control. Available in adjustable 
(shown) and non-adjustable styles. In- 


terchangeable with Type SA. 


TYPE W THERMOSTATS 


give snap-action make or break on tem- 
perature increase. They closely follow 
temperature of controlled device, re- 
spond rapidly to temperature changes, 
give sensitive, precise control of high- 
wattage heater loads, do not interfere 


with radio reception. 


Appliances . . . radar . . . processing apparatus—if your product requires snap 
or positive-action temperature control, better get in touch with Stevens first. For 
Stevens application engineers are solving problems like yours every day. 

And since Stevens makes the largest line of bimetal thermostats in the industry, 
there’s a good chance that a standard Stevens thermostat will solve your special 
problem. This means a better break on price and delivery—and at the same time 
insures the performance and life of your product. ae 


manufacturing company, inc. mansrieo, on0 
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: Tomorrow's Materials in Design 


e- ITH the continuing easing of material controls, there 
WwW is a common feeling that a return to past freedom in 
materials specification seems to lie ahead. 

Perhaps this conclusion is not unduly optimistic, but it is 
far from complete. A longer look at the problem may reveal 
some qualifying factors that will of wisdom or necessity mod- 
erate customary practices in the consumption of engineering 
materials. 

One basis for adoption of a broader attitude is the re- 


, cently issued Paley Commission report, Resources for Freedom. 
From the many details presented, two points stand out: (1) 


Within the last ten years, this country passed from a surplus 











or to a deficit status in raw materials, and (2) over the next 25 
r- years, demand for metals, fuels, and nonmetallics will rise 
e about 90 per cent. 


Although somewhat ominous, these factors alone do not 
deny future freedom in the selection and use of materials but 
they certainly call for some constructive long-range thinking. 
An intelligent program for the future introduces no new or revo- 
lutionary concepts. Principles exploited in the recent past point 
the way rather well, though the accents may be different. 

Substitution at any cost, born of dire necessity, may be 
abandoned in the near future but common sense recommends 
continuation of two other practices: avoiding overdesign in 


y quantity and quality of material, and designing toward materials 
with improving futures—away from those likely to be in criti- : 
cal supply. 


Tomorrow’s materials in design—and their availability— 
depend upon the design engineers who specify materials as much 
as upon the men who develop and produce materials. 


Ein. Hamm 


ASSOCIATE EDITOR 


Fig. 1—This integrally 
ribbed 32-foot long 
wing section machined 
by Lockheed from a 
solid slab replaces 1500 
individual parts and 
5000 rivets. Wing 
Strength is increased 


without added weight 


LANNING the required function of a machine 

so that its performance specifications are satis- 

fied is the first requisite of design, of course, but 
successes of total programs are being strongly influ- 
enced by two other essentials—materials of construc- 
tion and the processes of manufacture. Engineering 
design today owes much of its success to the con- 
tinuing gain in this comprehensive thinking of the 
profession. 

The interdependence of these three factors in de- 
sign is inexorable, but no limitation is imposed. In- 
stead, the closer function, material, and process are 
brought into focus as a common issue, the greater 
is the overall product improvement, Fig. 1. How well 
this fundamental tenet is observed is a large factor 
in the success of a manufacturing enterprise operat- 
ing in a competitive market. 


110 


Materials are the keystone in this comprehensive 
design attitude. They are the physical expression of 
the functional design, they must be amenable to man- 
ufacture on the best possible terms. And often, im- 
aginative thinking and alertness in this direction can 
lead to benefits otherwise impossible, no matter how 
sound the exercise of judgment within the range of 
other design procedures. 

But engineering materials constitute so vast an 
area that keeping posted on all pertinent develop- 
ments is well-nigh impossible. A complementary ap- 
proach to the problem—one that perhaps clarifies 
the objectives of the search and stimulates creative 
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thinking—is to look at materials from a number of 
specific viewpoints. These directions of thought em- 
brace not only new materials, but also concepts re- 
lating to the most effective utilization of materials. 
In this later sense, again, the function to be performed 
by the material and the production processes avail- 
able are often inseparably linked. 

In this article some of the directions toward which 
to look for potentials in material adaptation are sug- 
gested. But more important, these proposals represent 
aline of thinking that can be extended and applied in 
specific design environments. 

Ideas here presented and demonstrated by exam- 


F tt 


ples haye been generated by two types of sources: 
The aircraft industry and a large manufacturer of di- 
versified consumer products and capital equipment. 
North American Aviation Inc., Lockheed Aircraft 
Corp., and Douglas Aircraft Co. have contributed 
examples from the one category, Westinghouse Elec- 
tric Corp. from the other. In different ways, these 
two types of industries—and the specific companies— 
exemplify advanced materials-engineering thinking. 


New Materials: It might be said that design cre- 
ates new materials, for often the designer’s demands 
for particular properties or attributes in new prod- 
ucts spur the development of new materials. Seldom, 
however, can the development of a completely new 
material for a specific application be assigned within 
one designer’s sphere of influence. The more practical 
procedure—and by far the most common—is to adapt 
the general developments motivated by the cumulative 
demand of many potential applications, including 
perhaps his own. And certainly, with respect to minor 
changes in a material’s properties, the designer often 
has the power to influence modifications of standard 
materials, old or new, so that they better suit his 
particular design. 

Perhaps the most outstanding example of the effect 
of cumulative demand upon development of a new ma- 
terial is titanium and its alloys, Fig. 2. Although 
far removed from immediate application to many 
common uses, titanium in its combination of qualities 
certainly justifies a continuing awareness of its status 
as a new potential in design. The primary impetus 
in this program is the demand for high strength-to- 
weight ratio material for aircraft application, coupled 
with favorable high-temperature properties and cor- 
rosion resistance. Wherever these same attributes 
may be requisites in design, titanium and its alloys 
bear watching against the day when availability, 
cost and producibility come into balance with the 
conditions of a particular design. 

Extreme conditions of service often promote de- 
velopment of materials other than those intended for 
structural purposes. For example, Douglas Aircraft 
reports adoption of a new synthetic hydraulic fluid, 
Skydrol, which is an ester base fire-resistant material. 
In this case, a nonpetroleum base fluid was desired 
to decrease the hazard of fires in the event of acci- 
dental release of fluid from aircraft hydraulic sys- 
tems and cabin supercharger drive systems. 

But for every creation of one totally new material, 
there is a multitude of refinements and modifications 


Fig. 3—Left—Processing conditions often influence 
development of new materials. Westinghouse has com- 
pounded a new enamel wire insulation to withstand 
the abuse of mechanical coiling such as in this stator 
winding operation for a fracitional horsepower motor 
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Fig. 4—Special-purpose electrical alloys such as the 
“oriented” steels yield gains typified by this compari- 


son of two 30-kw constant-current agen In the 
new transformer at the right, weight and quantity 
of oil are less, and full-load efficiency is greater 


in basic material types. In less dramatic fashion 
perhaps, but certainly no less significant in overall 
effect, such advances contribute to design improve- 
ment. Evolution of new alloys of steel, aluminum and 
magnesium, variations in plastic and rubber types, 
and a host of other subjects mark this more subtle 
course of innovations in materials. 

From such obvious directions—the new and the 
improved—appear opportunities in materials selec- 
tion, and often they come to the designer’s attention 
with little effort on his part. But normal channels of 
information might often be enlarged if curiosity and 
alertness are sharpened. 

Perhaps usual sources of materials development 
and supply occasionally fail to meet a need arising 
from conditions of a special sort. It may be that the 





















Fig. 5—Changes in both 
material and process for 
this capacitor can re- 
sulted in light weight, 
lower cost, and corrosion 
resistance. An aluminum 
extrusion replaced a steel 
can with welded bottom 
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Precision Casting 


Fig. 6—Besides versatility in mater- 
ials selection, such processes as pre- 
cision casting can often show gains 
in producibility, as exemplified by 
this Westinghouse gear _ sector 





probable consumption of the projected new material 
is limited,,thus deterring investment in development 
and facilities by external sources. Just as often, 
though, the situation is that cited by J. B. Seastone, 
manager of materials engineering at Westinghouse: 
At times, a materials problem is best solved by being 
next to it. Having intimate knowledge of the require- 
ments to be satisfied is a requisite and being subjected 
dailf and directly to the challenge of the problem 
is often the stimulus. 

Enamel wire insulation is an example of a problem 
approached in this way at Westinghouse. While ma- 
terials adequate for insulation were available from 
outside sources, some properties were not best suited 
to the rigorous handling of the wire in production. 
Besides insulation properties and heat resistance, 
toughness and flexibility were required of the enamel 
to withstand conditions encountered in automatic 
coil-winding operations, Fig. 3. Research and produc- 
tion development within the organization are yielding 
a new and better answer. 

The joint development by Westinghouse and Armco 
of the “oriented” electrical steels typifies again the 
special-purpose special-material approach. With 
crystal structure of the new steels oriented to favor 
required magnetic properties, more capacity could 
be packed into the same space or a unit of comparable 
rating would occupy less space, Fig. 4. Adoption of the 
oriented steels, though, necessitated redesign of prod- 
ucts to take full advantage of the new material; 
functional design had to be adapted to the material. 


Alternate Materials: The labels “alternate” « 
“substitute” applied to materials often connote a dis 
parity between the performances of the original and 
the alternate. Perhaps the inference is often valid over 
such periods as that of the last two years when short- 
ages have been acute. But, out of such experiences 
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are arising constructive attitudes that are elevating 
some so-called substitute materials to a regular 
status. 

The theme of substitute and downgrade should 
be food for active engineering thought at any period. 
But perhaps the case might gain favor if stated less 
negatively—upgrade the performance expectation of 
materials. Utilization of materials possessing far 
greater potential than demanded by the expected 
service is an engineering luxury that should be re- 
garded as intolerable in normal times as well as in 
critical periods. 

Alloy steels are good examples of the possibilities in 
this direction. Essentially the boron steels represent 
effective upgrading of alloy-steel performance. Usual 
alloying elements in smaller proportions—with boron 
—provide comparable hardenability and strength 
ranges. Some few farsighted companies recognized 
the practicality of this approach even before World 
War II and worked successfully toward adoption of 
boron steels in full production. The recent need to 
conserve critical elements has forced many to take 
the same course of action, and widespread use of boron 
steels as regular rather than emergency alloys will 
probably grow. 

Improved heat treating can also play a part in up- 
rial grading the performances of lower alloy steels. For 
ent @ example, Lockheed is exploiting advantages to be 
en, @ gained by heat treating low-alloy steels to a strength 
ne, @ range of 260,000 to 280,000 psi in new designs for 
Se: landing gear components and other parts where 
ing weight savings can be realized. Toughness is not 
re- sacrified, but some factors are more sensitive than 
ted for high alloys and control of processes must be more 
em accurate. 

Growing use of aluminum in many applications 
em previously reserved for copper is another example 
1a- @ Of how a substitute material is finding well warranted 
om adoption as a permanent alternate. Such a trend re- 
ed @ sults simply from the intelligent definition of the de- 
sirable areas of application of different materials, al- 
though again it has taken an emergency to stimulate 
action. 

Alternate use of aluminum is worth investigation 
where electrical conductivity is the requisite, rather 
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than heat transfer. A conductor of aluminum must 
be larger than one of copper, but despite the added 
size it weighs and costs less. Hence, where space is 
not limited, aluminum is proving effective. Such tran- 
sitions frequently cannot be made, however, without 
the need to learn how best to work the material. 
Joining of aluminum, for example, is more difficult, 
but suitable techniques are known or are being de- 
veloped. On the other hand, Westinghouse has found 
that for some types of electrical equipment the added 
volume of aluminum in the heart of the unit would 
require such enlargement of the surrounding ele- 
ments that total material required and overall cost 
would increase prohibitively. 


Alternate Processes: It is no anomaly that produc- 
tion processes influence more effective materials se- 
lection and utilization. Actually this direction of at- 
tack is one of the most fruitful in showing day by 
day gains in the overall manufacturing operation. 

A singular demonstration of how materials and 
process can be combined to advantage is provided 
today by the relatively new shell-molding technique. 
Thin phenolic-binder sand molds yield castings of 
far greater accuracy and surface smoothness than 
conventional sand molds. Additionally production of 
the resin-sand shells is readily adaptable to high- 
speed methods. Cost savings both in casting and sub- 
sequent machining are great. But of equal significance 
is the impact of the process upon the re-evaluation 
of materials previously found unsuited in cast form. 

In many applications, for example, fabrication from 
sheet or plate replaced sand castings in the past’ pri- 
marily because of requirements relating to accuracy, 
finish and cost. Now, as is the case at Westinghouse, 
many such designs are being restudied in the light of 
the far more favorable conditions accompanying the 
new casting technique. Since the process is applicable 
to all cast materials—iron, bronze, steel, aluminum, 
etc.—avenues in many directions are opened for re- 
appraisal of castings. Further developments in tech- 
niques and equipment can be expected to make shell 
molding even more attractive within the next few 
years. 

Even in very simple components there are often 
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Fig. 8—Three materials in combination con- 
tribute to an improved construction. This 
Lockheed antenna consists of metal-sprayed 
cloth laminated into the plastic dome 


gains to be seized in altering both material and proc- 
ess. Westinghouse, for example, has redesigned ca- 
pacitor cans, formerly a two-piece welded steel design, 
so that they are now extruded in one piece from alu- 
minum, Fig. 5. 

Such processes as powder metallurgy and invest- 
ment casting often offer opportunities for wide ranges 
in materials selection as well as certain advantages 
in producibility, Fig. 6. 

Matching functional requirements with material 
and process demands a sorting and sifting of many 
factors, rather than a hasty selection of the obvious 
or the conventional combination. The assortment of 
materials and processes available is so enormous 
that even when it is trimmed of the obviously un- 
suitable, several probable practical solutions usually 
remain. At this stage, joining well developed facts 
with sound judgment often leads to better design in 
all of its aspects. 


Material Shapes: Frequently the question in design 
is not only what material, but what form? Tubing, 
strip, bars, rods, sheet, etc., are all commonplace, 
but is best advantage always taken of the available 
forms? Also, are there any new or unusual possi- 
bilities for more effective design procedures in this 
direction? 

A relatively simple problem often arises in the de- 
sign of parts to be stamped or cut from sheet or 
plate, as demonstrated in the elementary example of 
Fig. 7. In this case at Westinghouse, a ring for turbo- 
generators was originally designed as a two-piece 
welded assembly. To conserve material the design 
was changed to a four-piece assembly to permit more 
efficient cutting of the parts from plate. Although 
higher welding cost was incurred, it was more than 
offset by reduced material cost, and material supplies 
were extended. 


‘ 
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Fig. 9—Although the components of this air- 
craft aileron access door are an aluminum alloy, 
honeycomb sandwiches can be built up of 
many combinations of core and face materials 


Perhaps the earliest use of special-shape stock 
occurred in the clock industry. The advent of so called 
pinion wire was one of the developments marking 
the initiation of high-volume production in the early 
days of the industry. Pinions were produced with few- 
er operations and at lower cost from the wire to 
which the contour of the gear teeth had already been 
imparted. Still in common use for many applications, 
this early special-shape stock characterized some of 
the chief advantages accruing from special shapes 
obtainable in a variety of materials today. 

Extruded shapes of almost all the common nonfer- 
rous materials offer unique possibilities in design. Alu- 
minum, magnesium and copper-base alloys, some of 
the carbides, and many plastics and synthetics are 
readily extruded continuously in an infinite variety 
of shapes. 

Opportunities in this direction will be even greater 
as techniques and facilities are perfected for materials 
heretofore unsusceptible to continuous extrusion. De- 
velopment work with steel extrusions, for example, 
has reached a favorable status and may soon lead 
to their common availability. One of the most promis- 
ing techniques being watched by Westinghouse engi- 
neers was initiated in Europe and is being further 
extended in this country by U. S. Steel Corp. In this 
process the severe need for adequate lubrication at 
the extrusion die is being met by molten glass. The 
implications of such developments are far-reaching. 
When reduced eventually to a common production pro- 
cedure, steel extrusions will have all the advan‘ages 
of rolled steel shapes with far greater versatility in 
available shapes at a fraction of the tooling anc set- 
up costs. 

A significant factor in the use of extrusions, besides 
the reduction in operations ‘required in the finishing 
of a part, is the low loss in material—a gain in terms 
of both cost and conservation. 
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» 10—Adhesive bonding of rib sections to skin, 

wa in this Lockheed all-magnesium-alloy panel, 

pacterizes another type of design where different 

eials might be combined to perform different 
functions to best advantage 








Combination Materials: Use of different materials 
combined, without loss of individual identity, to per- 
form the function conventionally fulfilled by one is 
becoming a practical and profitable concept. The air- 
craft industry has been particularly prolific in this 
practice because of the critical demand for optimum 
component properties at the lowest possible overall 
weight. 

This concept is demonstrated in an unusual manner 
by a Lockheed antenna design, Fig. 8. The aircraft 
antenna is actually metal sprayed on glass cloth which 
is laminated into the plastic dome. 

Honeycomb construction is another example, Fig. 9. 
Rigidity and strength are imparted to a component 
by the lightweight honeycomb core of aluminum, 
stainless steel, glass cloth or paper, and surface re- 
quirements are met by wood, metal or plastic fac- 
ings. Adhesives and techniques have been developed 
to provide adequate “peel” strength in such assem- 
blies. Panels of this construction are being widely used 
in the aircraft industry and advantages are also be- 
ing exploited in other transportation fields. 

In a somewhat anologous fashion, sheet metal 
panels are being stiffened by contoured ribs bonded 
to the “skin,” Fig. 10. Use of materials in combina- 
tion permits each to meet specific requirements with- 
out compromise; rigidity is provided with least ma- 
terial weight, surface needs are met by thin sheet 
of the desired material. 

Other obvious possibilities occur with metallics, 
such as in the various combinations of clad metals. 
Also, in both high and low-pressure laminated plas- 
ties, the possible combinations of material and proper- 
ties are attractive avenues of investigation. 


Materials Standardization: Just as some problems 
are solved by use of dissimilar materials, so might 
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advantages be gained by specifying the same mate- 
rials for different applications. The well known bene- 
fits of standardization apply well to engineering ma- 
terials, but often the possibilities are overlooked be- 
cause the effects of standardization are not felt as 
directly in design as they are in other areas of the 
manufacturing operation. Standardization of materi- 
als usually means reduction of inventory and stock- 
ing facilities, easier availability, and greater similar- 
ity of processing details. Inspection may be reduced 
and paper work is often cut. 

Standardization might be applied to both of the 
two chief material factors: composition and size. At 
Westinghouse compositions of some material types 
are kept to an absolute minimum because of pro- 
duction volume involved. That is, if the most desir- 
able materials were stocked for each application, 
the quantity required for each would be too low to 
purchase except at premium price, and inventory de- 
tails would become cumbersome. Instead, a limited 
number of standardized compositions are stocked, 
and qualities so compromised for some applications 
are effectively regained hy special heat treatments 
or other processes. Such special handling would be 
prohibitive on high-volume components but is justi- 
fied in low-volume production. 

Standardization on a minimum number of stock 
sizes is good practice whether high or low volume is 
involved. In this type of activity, preferred numbers 
can often be applied with great advantage. Preferred 
numbers might be thought of as a basic code under- 
lying standardization of any factor expressible in 
numbers. Through its use, successive sizes in an as- 
sortment of any range are intelligently spaced at a 
constant percentage interval to provide the minimum 
sufficient number of sizes. 

Whether the designer is responsible for specifying 
purchased stock size or not, he definitely influences 
size and is often in a position to promote standardiza- 
tion in this direction. 


Summary: The ideas presented in this article might 
be summarized by these injunctions: 


1. Watch new materials 

2. Examine alternate material possibilities 

3. Look into alternate processes as means for more 
effective materials utilization 

4. Investigate preshaped materials such as extrusions 

5. Attempt to. match diverse requirements with com- 
bination materials 

6. Review and standardize material types and sizes. 


These directions of attack might well be extended 
and subdivided, but one overriding theme must be 
kept constantly in mind—function, material and prac- 


ess are integral in design. 
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SCANNING the FieldiFor 


Novel humidity control, 
employing three _ sensitive 
thermostats to regulate both 
the temperature and rela- 
tive humidity, is employed 
in the proofing cabinet 
shown at left. This cab- 
inet is being used to maintain a temperature of 96 F and 
an 86 per cent relative humidity in the baking industry to 
provide a controlled atmosphere for raising yeast doughs. 

Cover for the control is open to show the three thermo- 
stats, one of which is sectioned below to show its principle 
of operation. Manufactured by Fenwal Inc., it utilizes an 
expanding shell to open and close electrical contacts mounted 
on nonexpanding struts which are attached to each end 
of the temperature-sensitive shell. Control circuit for the 
cabinet, manufactured by Anetsberger Bros. Inc., is shown 
in the schematic wiring diagram below. 

The uppermost thermostat in the control acts as a tem- 
perature regulator and its contacts are set to open at 96 F. 
It controls a solenoid-operated steam valve, permitting 
steam to enter the heating coils in the proofing cabinet 
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Temperoture Adjusting Sleeve Expanding Shell Wall Insulation 
Contact Points Non-expanding Strut 
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yhen the temperature falls below the desired level. 
A red pilot light indicates when the heating circuit 
js in operation. The bottom thermostat is wrapped 
in a self-feeding water saturated wick. 

This wet-bulb unit is set at 92 F, the temperature 
that corresponds to a relative humidity of 86 per cent. 
When the humidity falls below that level, the 
inreased evaporation rate from the wet wick low- 
as the temperature of the wet-bulb, closing the 
thermostat contacts which actuate a solenoid which 
tums on a steam jet. Steam is dispersed through 
the cabinet until the wet-bulb reaches its operating 
temperature, operating the controls to close the steam 


Constant-pressure springs of the 
neg’ator type apply uniform load on 
the cam drives illustrated at right, 
producing the minimum load which 
assures proper contact with the cam 
at all positions. This constant pres- 
sure is just sufficient to overcome 
friction and maintain continuous con- 
tact at any length of radial travel on 
the cam contour. Developed by Hun- 
tr Spring Co., these coiled springs 
require less space than conventional 
springs. As shown in view a, the com- 
pression spring usually has a free 
length of twice its maximum deflec- 
tion. Regardless of travel of the 
neg’ator, however, it may be a tight 
cil and only long enough for the 
maximum travel. In view b is a simi- 
lar application replacing an extension 
ring and in view c replacing a tor- 
sion spring. 


Corrugated steel strip when 
wound into cores, right, provides 
added strength to specialty and 
‘lectronic transformers. Hipersil, 
4 grain-oriented steel, is slightly 
‘orrugated before being wound into 
4core so that it lies on itself in 
4compact and tightly integrated 
mass. The additional mechanical 
strength of the core afforded by the 
tibbed design maintains more per- 
fect C-sections both when the core 
8 cut apart for assembly with the 
Windings and during transformer 
eration. The etched surfaces re- 
main in intimate contact, resulting 
a low-reluctance magnetic path 
aid a low-loss butt joint. These 
cores, manufactured by Westing- 
‘ouse Electric Corp., have the same 
‘es and tolerances as nonribbed 
Cores, 
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jet. A green pilot light is extinguished to indicate 
that the humidity circuit has ceased to operate. 

The middle thermostat in the control serves as an 
antiflooding control. It is in series with the humid- 
ity steam solenoid and the wet-bulb unit and pre- 
vents the operation of the solenoid until a cabinet 
temperature of 75 F is reached. This arrangement 


prevents the introduction of steam into a cold cabi- . 


net, a condition which would cause immediate con- 
densation of the steam on all surfaces with subse- 
quent flooding of the cabinet and spoilage of the 
product. Sensitivity of the thermostats in this con- 
trol is rated at plus or minus 0.1 F. 
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Gear alignment in the gearmotor illus- 
trated above is maintained by utilizing the can- 
tilever principle of mounting the gear case on 
a flange-mounted base to minimize the distor- 
tion sometimes developed in separately mounted 
castings. This right-angle worm drive designed 
by U. S. Electrical Motors Inc. provides a 


“short-hitch” and compact hook-up, increasing the rigid- 
ity of the drive and facilitating application in close quar. 
ters. 

All worm thrust on the motor shaft is taken by a 
heavy-duty, deep-groove ball bearing which is locked 
against axial movement. The dead-end bearing, opposite 
the take-off shaft end, is securely clamped to eliminate 
end play and is shimmed to locate the gear with respect 
to the worm. Churning of the lubricant is avoided by# 
locating the worm above normal oil level, the level being # 
high enough to dip the two bearings on the take-off shaft. 
The driven gear carries lubricant to the worm where it is 
thrown in all directions and penetrates into the worm 
shaft support bearings. 

The gear case is flange mounted to both the motor and# 
foot bracket. Being mounted with four bolts, the base# 
may be rotated to any one of four positions for base, 
wall or ceiling mounting without disturbing the gear 
lubrication. Also, to meet space requirements, the motor 
may be swung to either vertical position, shaft seals pre- 
venting lubricant from entering the motor. Likewise, 
seals on the output shaft allow it to be mounted vertically 
downward, the oil lubrication resting in the bottom of 
the case with the gear slightly submerged. 


Constant-level device, left, employing a mercury valve 
is noteworthy both for its simplicity and dependability. De 
signed by D. E. Couch and Abner Brenner of the National 
Bureau of Standards for maintaining constant levels in 
electroplating baths, it can be made easily for any size and 
for any solution depth. 

This leveler employs a water inlet and an overflow to 
maintain a constant head. The mercury valve, attached to 
a float, allows the water to flow into the bath if the level 
is lowered and prevents flow outward when the level of the 


bath rises. This latter feature saves the solution when 29 


large object is placed in the plating bath. 

Inlet and overflow connections are at the top of the de 
vice. Just below the overflow connection, the tube is sealed 
except for a smaller-diameter open tube which connects the 
upper section to the lower section of the tube and serves 4% 
the valve seat. An open cup of mercury supported by the 
float opens and closes the valve according to the height of the 
liquid in the bath. When the bath level rises the mercury 
closes the valve and all the water entering through the inlet 
is rejected through the overflow. 

None of the dimensions of the leveler are critical: how 
ever, the tube should be of sufficient size that it will nom 
become clogged by small particles of sediment that may ente! 
with the water. The mercury cup must be large enough and 
so centered that it will slide freely over the smal] valvé 
tube without touching. 
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FRICTION 


DYNAMOMETER 


. . « With automatic torque control permits comparative 
production testing of friction materials for 
close control of major characteristics 


By D. J. Bonawit 


Chief Engineer 
Marshall-Eclipse Div. 
Bendix Aviation Corp. 
Troy, N. Y. 


red lining test machines have been con- 
structed generally for the purpose of testing 
individual friction facings or combinations 
Mgainst a particular brake drum. Such tests utilize 
Sandard brake assemblies set up to measure the ef- 
fectiveness of lining combinations when braking a 
‘tating mass from a known velocity in a measured 
ime interval. The aim of such testing is to correlate 
the results so obtained with actual road performance 
iter consideration of such factors as: (1) Moment 
f inertia of dynamometer load vs. vehicle weight; 
2) dynamometer flywheel speed vs. vehicle speed; 
3) traction between vehicle tires and road surfaces; 
‘nd (4) distribution of braking effort in the partic- 
ar vehicle. 
Test results from inertia type dynamometers may 
lus be studied to improve design and application of 
takes in particular vehicles. These results reveal 
much that is important in lining performance—fric- 
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Fig. 1—View of complete machine 
showing control and_ recording 
equipment designed into the ma- 
chine for accurate test results 


tion levels, fade, wear, etc. Where the primary aim 
is lining development, there is a definite place for a 
test machine, Fig. 1, from a laboratory viewpoint. Of 
course, such development need not be completely 
divorced from its later application to vehicular use, 
and in the case of this machine, correlation of data 
has been made by comparative analysis of tests on 
linings which have already been accepted by the 
automotive industry. 

Particular advantage in the use of a friction test- 
ing machine is in the rapid evaluation of laboratory 
formulation changes, in the analysis of standard 
formulas processed with new equipment, and in the 
evaluation of processing changes, all of which tests 
may be compared with friction materials processed 
with accepted methods and materials. All such devel- 
opment work may proceed with the idea of improv- 
ing such lining characteristics as fade, durability, 
etc. Thus the immediate aim of test work on this 










a 
’ 
. 
4 
4 
* 
4d 


~~ Ey 


coe 










LAZLh 


>. 





wisiatateicc ‘il. 


TOM A 


>> 





























Section A-A 














Fig. 2—Cross section drawing showing sample roller slide and 
contrarotating bearing arrangement of shaft for low friction 
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ences shine is the rapid evaluation of basic changes in speed during tests without rheostat adjustment. 
jning processing or formulation with all outside fac- Power is transmitted to the input shaft by a belt 
ors being controlled. drive between two pulleys with a 1 to 1 speed ratio. 




































The drive consists of four steel-cable reinforced B- ' 
Design Requirements: After a thorough analysis of section belts. 
these aims, plans called for the design of a machine 
yhich could evaluate the properties of all types of Input Shaft and Drum Mounting: The input shaft 
friction materials, regardless of size, consistency, arc, has a pulley at the driving end and an 11-inch di- i 
ete. Such a design was centered around the use of a ameter automotive type brake drum mounted on ' 
sample one square inch in cross-section which could the driven end. This shaft is supported by two hall- 
readily be placed in a fixture for test. In this man- bearing pillow blocks mounted on a welded-steel base. 
ner samples for friction test could be cut from brake A generator mounted on the pulley end of the input 
blocks, truck segments, or passenger car linings. shaft measures drum speed by means of a speed in- 
Basically the design aim was to have attached direct dicator on the control panel. 
toa load mechanism a sample fixture which would ‘ 
apply the friction material to a standard 11-inch Sample Fixture and Load Beam: In preparation for ; 
diameter automotive brake drum mounted on a con- test, a friction material sample is cut from a selected 
stant-speed input shaft. Friction resulting from con- test segment and finished to one square inch surface ' 
tact between the rotating drum and sample would area, and then ground or sanded to 11-inch outside , 
rotate the sample fixture, in turn rotating the output diameter for full surface contact with the drum. The 
shaft and working a pivoted arm against a force sample is held during test with jaws extending from ' 
measuring device. Refinements were to be included the side of the fixture. During sample preparation 
in the design of the machine for such reasons as (1) the fixture is detached from the square torque arm to 
maintenance of proper drum finish, (2) thorough facilitate fitting the friction material sample. The 
temperature control and measurement, (3) calibra- sample holder, with a sample mounted in the jaws, is 
tion of torque measurement, and (4) maintenance of attached to the square input torque arm which rides 
ahigh degree of accuracy under operating conditions. up and down guided by four ball bearings seated in a 
In addition, torque control mechanisms were added rectangular guide, Fig. 2. This guide is keyed to the 1 
to the machine after the initial installation. torque output shaft to transmit a measure of the 
torque created by friction between the sample and 
Motor-Clutch Drive and Controls: A 10-horsepower the rotating brake drum to the measuring device. f 
motor with an eddy-current clutch (maximum speed The load beam is attached to the sample fixture by ; 
1000 rpm) was employed for the mechanical power a series of linkages which directly transmit loading A. 
source of the dynamometer. The eddy-current clutch on the beam to the fixture. This load beam is pivoted 
te maintains constant drum speeds as set by rheostat to give a loading ratio of 5 to 1 for the weights added 
= controls mounted on the dynamometer panel. Two at the end of the input arm. The short end of the 
motor rheostats enable the operator to set up two beam is held horizontal by a steel tape fastened to a 
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different speed settings to facilitate changes in drum leveling spool at the bottom of the machine. This 
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spool is attached to a worm gear controlled by a 
torque rod accessible at the top of the machine to 
permit leveling the torque arm when different loads 
are used. A spirit level on the loading beam is used 
during this procedure. 


Air-draulic Load Beam Support with Controls: 
Application and release of the load is controlled by 
an air-hydraulic cylinder ram which supports the 
load beam. This cylinder, in turn, operates under 
either automatic or manual control, depending on the 
operator’s selection. The cylinder itself is hydrau- 
lically self-contained and is actuated by externally 


supplied compressed air. A valve in the hydraulig 
system controls the rate of travel of the support, wit} 
travel rate for different loads controlled by an aj 
pressure regulator pre-set by the operator. 

In automatic control, the supporting hydraulic cyl 
inder responds to air pressure admitted through , 
solenoid valve controlled by a cycle timer and a cycle 
counter. Under manual control, the operator simply 
by-passes the counter and timer and directly actuates 
the solenoid which controls air passage to the air. 
hydraulic cylinder. The timer sets up “on” and “off” 
periods of the cycle. A minimum complete cycle time 
of twenty seconds and a maximum of twenty minutes 
“on” and twenty minutes “off” is possible. In con- 
junction with the timer, the counter controls the num. 
ber of complete cycles. 


Output Shaft and Torque Arm: The torque shaft 
itself is supported near both ends by contrarotating 
ball bearings driven by a small motor through bevel 
gearing, Fig. 2. This type bearing support was de. 
signed to cancel out friction and to prevent brinelling 
of the races. 

Keyed directly to the torque shaft is a primary 
torque arm five inches long. This arm is attached to 
the secondary torque arm—the arm which signals 
the torque measuring diaphragm—with an adjustable 
connecting linkage locked to prevent change in dis- 
tance between centers of both arms. This secondary 
torque arm is mounted on a low-friction bearing 
above the surface plate. The use of both a primary 
and secondary torque arm was dictated by space lim- 
itations. 

The torque arm acts directly on the loading side of 
a Hagan ThrusTorq unit, forcing its measure of 
torque against a diaphragm; this action in tending 
to move the diaphragm opens a poppet valve which 
admits air from the inlet air line. This air pressure 
increases until it just balances the mechanical force 
transmitted by the torque arm at which point the 
diaphragm is in equilibrium. This balancing air pres- 
sure is then the measure of torque and is signaled to 
a recorder mounted on the front of the machine. 


Drum Temperature Arrangement and Heater Con- 
trols: A recorder is used for registering tempera 


tures at various points during test. Thermocouples 
may be set to read temperatures at the following po 
sitions: (1) Imbedded in friction sample approxi 
mately 0.050-inch from surface; (2) with button rid- 
ing on rotating drum surface; and (3) in drum rim 
approximately 0.050-inch from friction surface. 
Use of a thermocouple imbedded in the friction 
sample to measure lining temperature proved 0! little 
value because of the insulating properties of the lining 
and the fact that this insulating barrier continually 
changes throughout a test while the lining is we arin. 
Tests have shown a variation of not more than 10F 
in correlation of drum temperature with a eouple 
riding on the drum vs. one imbedded in the drun. I 
all cases the surface thermocouple ran slightly )ighe! 
in temperature and a little more erratic. Fo this 
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pason tests on the machine have been standardized 
yith use of the thermocouple imbedded in the drum, 
md other positions are used for special tests only. 

Head of the drum thermocouple is a soldered junc- 
tion securely positioned in a drilled hole approximate- 
ly 0.050-inch from the drum surface. The hole is 
drilled from the outside surface in the center-line of 
the sample’s path across the surface, and the thermo- 
couple is insulated with asbestos fibre. Leads run to 
the hub plate where the terminals are attached and 
thence through the input shaft to iron-constantan 
sip rings. Spring-loaded contact brushes (one iron, 
the other constantan) pick up the signal and transmit 
itto the recorder. All leads, connectors, rings, and 
brushes are iron-constantan to avoid the possible in- 
troduction of secondary thermocouples caused by 
temperature differentials across connecting points. 

An additional feature of this machine is the built- 
in heater strips surrounding the drum and enclosed 
by an insulated shroud. The heating elements are 
four Chromolax strips with a combined capacity of 
3kw. Any setting up to 750 F may be maintained. 
A small circulating fan controls the air flow through 
the shroud for both heating and cooling. 


Drum Turning Attachment: To insure comparable 
test results, the drum surface must be uniform from 
one test to the next. For this reason, a drum turning 
attachment is provided to correct radial runout and 
dean up marking or heat-checking of the drum prior 
to test runs. 

A complete boring mechanism is provided which 
may readily be moved into place. This mechanism is 
clamped to the table of the dynamometer, Fig. 3. The 
depth of cut is set up with a lathe cross-feed handle 
on the front of the mechanism. The feed of the cut- 
ting tool may be controlled manually or by motor 
drive. A toggle controls direction of feed of the tool, 
and the speed control of the boring feed motor is 
mounted on the front panel. 


Torque Controls: After the dynamometer had been 
in operation for several months, the necessity for a 
torque control was far more obvious than when the 
machine was in the design stage. The first torque 
control unit was added approximately six months 
after installation of the machine. This control unit 
Was automatic. Approximately two years later a 
manual torque control unit was installed. 

Basic features of the automatic torque control may 
be explained with reference to the schematic drawing 
shown in Fig. 4. As in the original design the rota- 
tion of the brake drum in contact with the friction 
sample forces the sample to rotate its fixture in a 
Counterclockwise direction and forces the torque arm 
against the diaphragm measuring device, force of the 
arm being the measure of friction. 

As air pressure builds up in the measuring device 
of the new design, it also signals the double dia- 
phragm type torque control of the change in torque. 
This pressure builds up on the diaphragm of the con- 
trol valve and moves the valve plunger against the 





other diaphragm which has a pre-set pressure—the 
pressure equivalent to the desired torque. Motion of 
the valve permits entry of air pressure to load the 
air cylinder which works the input load arm, forcing 
the sample against the drum and returning the torque 
to its pre-set value. Similarly, it can exhaust air from 
the air cylinder when the torque signals a buildup in 
friction. 

A pressure recorder charts the actual load on the 


’ sample by measuring the air pressure in the cylinder. 


This air pressure multiplied by the leverage of the 
input load arm is the load on the sample. Dead 
weight of the sample fixture and load arm is taken 
into account with a null reading of 20 pounds on the 
input pressure recorder. 

A manual torque control was added to the machine 
to enable running short routine applications. This 
was not feasible with the automatic torque control 
which had pulsations—the alternate admission and ex- 
haust of air—and which did not permit ready obser- 
vation of the input during a short stop (the observer 
would not know which part of the input stroke to use 
as his input value). Thus, in order to set up short 
applications with a steady input, which could be 
varied to hold the desired torque, a pressure regula- 
tor was introduced into an auxiliary control system. 
This regulator is operated manually to control the air 
pressure to the load cylinder at the end of the load 
beam. Thus manual torque control applies steady in- 
put to the sample which can be used on very short 
routine applications. A schematic of this manual 
torque control is shown in Fig. 5 as part of the overall 
control system. 

The method of operation is simple. When it is de- 
sired to use the manual torque control setup, the op- 
erator merely shuts off the valves to the automatic 
system and opens the valves to the manual torque 
control unit. Valves 1, 2, 4, and 5 are turned off, and 
valve 3 is opened. Check valve 6 permits flow from 
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the manual regulator, but stops air from backing up 
when the automatic control is in use. Then the op- 
erator starts the cycle, observes the output recorder, 
and changes the regulator .setting to maintain the 
output at the desired level. The machine cycle con- 
trols may be set for short routine stops, while the 
torque is being maintained by the operator. 


Calibration and Computations: A check on the 
accuracy of the torque measuring system is made 
with a clamped lever arm attached to the output shaft 
at that point where it works the arm to the Thrus- 
Torq measuring device. By attaching calibrated 
weights to this arm, the equivalent measure of torque 
may be read on the graphic recorder. Any slight 
failure of correlation may be compensated by reset- 
ting the zero point on the recorder. 

To determine the coefficient of friction from results 
on the graphic recorders, it was necessary to make 
the following computations with the fixed data shown 
in Fig. 6: Torque = Force X Radius or T = 5.5yL 
and » = 7/5.5L where T = torque, lb-in.; F = force, 
lb; L = load, lb. To determine coefficient of friction 
p directly from air pressure, P: torque at both ends 
of the output shaft is considered equal (no bearing 
loss) and, therefore, the force at the link= (5.5yL)/5 
and the force at diaphragm = (6.5/7.5) (5.5yL) /5. 
Also: Force at diaphragm = P xX area of diaphragm 
or 3.5P and therefore, 3.5P=,»L(6.5x5.5/7.5x5). 
Thus, coefficient » = 3.67P/L. 





Hydraulic "Mechanical Man” 


YDRAULIC cylinders, valves and pumps enable 
“Luigi”, a “hydraulic man” developed as a dis- 
play by Rivett Lathe & Grinder Inc., to move his 


arms, legs and feet, stand up, and sit down. Dig. 
played at the ASTE Show, Luigi had gages for eyes 
and a switch for a nose. His stomach was transparent 
to show valve operation. 

Luigi’s intricate circulatory system consisted of a 
set of hydraulic cylinders into which oil flow was di. 
rected by a series of sequenced valves and a double. 
solenoid spring-return valve from a positive-displace- 
ment pump. The sequence of operations involved 
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movement of his knees, hips, shoulders, arms and 
back. A cutoff valve returned oil to the main valve, 
releasing pistons in each of the main cylinders. 
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“Only by increasing productivity per worker by 30 
to 35 per cent during the next ten years will it be 
possible to maintain the greater population at 4 
standard of living equal to or better than today’s 
level. The only answer is to provide every Ameri- 
can worker with more effective tools and methods 80 
that we can produce and distribute, in vastly i 
creased volume, goods and services for the Americal 
people.”—JoHN L. COLLYER, president, The B. F. 
Goodrich Co. 

“Although at the head of a nice little firm I found 
ed with a few thousand dollars and a lot of ambition 
twenty odd years ago, I still am fundamentally a m& 
chanic and designer of machinery. Perhaps I will 
called a dreamer, but I have found most worthwhile 
accomplishments have to be dreamed about a while 
before progress can be made. People have said 
me, ‘You never did build a failure, did you?’ Brother, 
they don’t know the half of it! But the reasor they 
think so is that if a machine doesn’t work I «!wayé 
cut it up and throw it away, right quick, before any 
body sees it."—R. G. LEToURNEAU, president, R. G. 
LeTourneau Inc. 


MACHINE DgsIGN—October 195? 


cane We = SMe te 3 









































eer ee eee ee 














Engineering materials are never static. And 
therein lies a designer's opportunity. But keep- 
ing abreast of the diverse developments in a 
multitude of materials categories, evaluating 
them, and adapting them to his product—are 
problems. entailed in seizing the advantages 
offered. Yet, it is in this phase of design— 
materials selection—that developments of others 
are often tailor-made for the application at hand 
or are the sources of ideas that engender prod- 
uct improvement. Performance, producibility, 
cost, appearance—the fundamental issues of 
engineering design today—are all involved in 
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the selection of the best material for the job. 
To help post designers on developments, this 
symposium presents the reports of specialists 
in ten fields of engineering materials. Besides 
new materials, other factors of recent origin 
relating to the effective utilization of materials 
are discussed. Influence of new methods and 
equipment upon materials, the design approach 
and materials found effective for critical service 
conditions, relationship of materials to manufac- 
turing processes—such points of current or future 
value are brought out in these short authoritative 
reports on materials in engineering design. 
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of copper-base alloys. 


f 


IGNIFICANT developments in any field are likely 
WJ to be the result of relatively slow trends cul- 
Minating in certain specific useful features. This is 
certainly the situation in the field of copper and cop- 
per alloys. The topics discussed in some detail in 
this article have perhaps all been mentioned in tie 
literature or in producers’ catalogs but probably not 
brought together in a way that gives the machine de- 
signer a comprehensive guide. It js hoped this re- 
view will serve that purpose. 


| 


Strength Criteria: A subject of primary impor- 
tance to machine designers is that of permissible 
stresses in various engineering materals used under 
different situations. Even in well-established metal 
producing industries, there is frequently a lack of 
complete data for different conditions of service, es- 
pecially those involving elevated temperatures. In re- 
cent years the nonferrous subgroup of the ASTM 
Boiler Code Committee has been reviewing existing 
information on properties of copper-base alloys over 
arange of temperature in compiling data to be pub- 
lished in the Unfired Pressure Vessel Code. Such 


Fig. 1—Gas welding and 
cutting tips showing suit- 
ability of tellurium copper 
for hot forming, cold swag- 
ing, and difficult machining 
and drilling operations. 
Parts must exhibit high 
thermal conductivity also 
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Dir. of Research, Chase Brass & 

Copper Co., recounts some of the recent 
metallurgical and processing 

advances in this broad field. A 

director of ASTM and active in other 
technical societies, Dr. Crampton has 
contributed a number of papers on 

various aspects of this field and holds 
numerous patents relating to the technology 


data may be taken as a guide for many other applica- 
tions particularly where temperatures substantially 
in excess of room temperatures are met. The data 
cover many of the more commonly used wrought 
copper-base alloys and provide a good basis for esti- 
mating reasonable stresses for similar or interme- 
diate alloys. 

In setting up these maximum allowable design 
stresses, the criterion was the lowest of the follow- 
ing: 

1. One-quarter of tensile strength as determined in 

the short-time test 

. Two-thirds of yield strength, in turn defined as 

the stress corresponding to % per cent extension 
under load in the short time test 

3. 100 per cent of creep strength, which is taken as 

the stress for secondary creep rate of 0.01 per 
cent per 1,000 hours 

. Four-fifths of the stress (by extrapolation) to pro- 

duce rupture at 100,000 hours. 


Cupro-Nickel: - One of the interesting wrought al- 
loy developments in recent years is 10 per cent cupro- 
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nickel containing iron. It has been amply demon- 
strated that the impingement or erosion-corrosion re- 
sistance of the 90 copper—10 nickel alloy could be 
substantially improved by the addition of iron from 
about %4 to about 2 per cent. Indeed this corrosion 
performance appears to approach that of 30 per cent 
cupro-nickel so long considered the optimum copper- 
base alloy for heat exchangers operating at rather 
high temperatures and condensers using high velocity 
cooling waters. Also the high-temperature strength 
properties are substantially better than those of cop- 
per and brasses although not equal to those of the 30 
per cent cupro-nickel. 

The 10 per cent cupro-nicke] also has properties 
which should make it widely applicable for use in 
bolts, rivets, screws and similar fasteners. Even in 
the very hard-drawn condition it is malleable enough 
to be readily cold headed, roll threaded, bent or other- 
wise formed as might be necessary. Its corrosion re- 
sistance indicates it could properly be used in service 
where many other alloys would not be adequate. 
Finally, the maintenance of properties up to mod- 
erately elevated temperatures and its extremely high 
resistance to stress cracking are attributes not to be 
overlooked. 


Strip Brasses: Over a period of many years, the 
ordinary strip brasses used for a great variety of 
fabricated products have been available in a wide 
range of temper. As annealed to finish, grain sizes 
have usually been anywhere from about 0.015-mm to 
perhaps 0.070-mm for most applications. Strip with 
smaller grain size is of course harder and stiffer 
whereas the metal with larger grain size would when 
formed show a more or less objectionable pebbly or 
orange peel surface. There was formerly a tacit as- 
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sumption that it was neither practical nor desirable 
to produce such material with grain sizes less than 
about 0.015-mm. In the last few years there has been 
an interesting and valuable development in this dj- 
rection. Annealed strip in the thinner gages is avail. 
able with grain sizes distinctly less than 0.005-mm 
and ranging down to 0.001l-mm. This material has 
strength and stiffness comparable to brass rolled 
with 10 to 20 per cent reduction after a more normal 
anneal, and at the same time, much greater ductility 
than would result from such quarter or half-hard 
strip. The outstanding quality, however, is an ex- 
ceedingly fine surface texture which even after a sub- 
stantia] forming or drawing is sufficiently smooth so 
that only little subsequent work must be applied to 
bring out a lustrous surface. 


Selenium and Tellurium Additions: In the last 
decade increased use has been made of the elements 
selenium and tellurium as addition elements in cop- 
per-base alloys to supplant lead as a means of pro- 
moting ease of cutting or machinability, Fig. 1. In 
particular, two tellurium-bearing alloys are produced 
in rod form suitable for fabrication on screw ma- 
chines into a multiplicity of parts. These alloys are 
also adapted to fabrication by forging where such a 
method of producing irregular-shaped parts has ad- 
vantages over screw machine processing. Tellurium 
copper containing approximately 99.5 per cent cop- 
per and 0.5 per cent tellurium has a machinability 
rating of 90 per cent of that of free-cutting brass, and 
an electrical conductivity approximately 90 per cent 
of that of pure copper. Depending on size and temper, 
it exhibits tensile strengths from about 42,000 psi to 
about 55,000 psi with elongation in 2 inches from 
approximately 35 per cent to 8 per cent. 


Fig. 2—Photomicrographs of 75 per cent copper—5 tin—20 lead alloy at 
100X magnification, produced by three methods: a- continuous cast rod, 5- 
conventional permanent mold castings, and c- foundry sand castings. Contin- 
uous casting procedure for rod and other sections gives fine, uniform structure 
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COPPER-BASE ALLOYS @ 





The other tellurium alloy is age-hardenable, con- 
taining 0.5 per cent tellurium but with approximately 
{per cent nickel and 0.2 per cent phosphorus to give 
the age-hardening characteristics. Depending on 
size and temper, tensile strengths of about 65,000 to 
about 95,000 psi with elongations from about 40 per 
cent to 5 per cent are obtainable. Due to the pres- 
ence of the nickel and phosphorus, the electrical con- 
ductivity is about 50 per cent of that of pure copper 
and is relatively little afiected by the temper of the 
material. This value is unusually high for a material 
of the strength property indicated. The alloy finds 
wide application in forging and screw machine parts 
for structural uses requiring the combination of high 
strength, hardenability, corrosion resistance, high 
electrical and thermal conductivity and easy machin- 
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Bronzes: The tin bronzes with and without lead 
have come into increasing use due to new develop- 
ments in processing. The more important one of 
these is the application of continuous casting proce- 
dures to rod and tubular sections. In that procedure 
the material is melted and cast under a nitrogen at- 
mosphere and is rapidly and continuously frozen from 
the bottom upwards so that the material is unusually 
clean, sound and of very much finer and more uni- 
form structure than is obtained by other casting pro- 
cedures, Fig. 2. Practically all of the copper-tin and 
copper-tin-lead alloys are amenable to this treatment. 
Those of such high lead content that they can not be 
economically worked, are available in long lengths as- 





cast, and have a structure particularly well suited for 
use in bearings, bushings, valve guides and small 
gears. 

The straight tin bronzes, of which the 5 per cent 
and 8 per cent are most commonly used, and the al- 
loy containing 88 copper, 4 tin, 4 lead, 4 zinc are also 
well adapted to subsequent cold processing. After 
such working with suitable intermediate annealing, 
these materials exhibit structures and physical prop- 
erties superior to the same materials starting from 
conventional castings. In particular the 88-4-4-4 al- 
loy in the wrought conditon offers greater possibili- 
ties for both sleeve and thrust bearings, bushings, 
gears, pinions, washers, valve parts, etc. One in- 
teresting application of the alloy is for drawn pinion 
stock where the gear teeth are actually formed by 
cold drawing and the individual pinions cut there- 
from. This combination of sufficient ductility for 
severe drawing and high machinability is enhanced 
by the casting procedure. 


Methods: A development which at first glance 
might seem far removed from the field of machine 
design is the application of spectroscopy and partic- 
ularly the newer direct-reading spectrochemical tech- 
niques to analytical control of wrought copper alloys. 
The importance lies in the resulting better knowledge 
and uniformity of the materials and therefore of their 
properties. Quite obviously such improved uniformity 
is of real significance in many machine components . 

A development of significance to machine designers 
and fabricators is the increasing application of quality 
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Fig. 3 — Feed end of 
continuous strip an- 
nealer which produces 
high uniformity, clean- 
annealed brass 
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control sampling procedures to some mill products. 
Such an approach to the inspection and testing prob- 
lem gives overall better control and greater certainty 
of good quality and meeting of special requirements. 
The annealing furnaces, atmospheres and handling 
techniques in modern brass mills have been greatly 
improved in recent times. For a while the belief was 
generally held that bright annealing of brasses to pro- 
duce a very uniform and completely oxide-free sur- 
face would be a valuable aid to fabricators. It was 
found, however, that although the cleanliness and 
uniformity were desirable in themselves, such bright 
annealed surfaces were not readily wet by lubricants 
used in drawing and forming operations so that 
serious scratching or breakage resulted. The more 
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recent techniques are to use so-called clean annealing 
produced by moderately reducing furnace atmos. 
pheres, Fig. 3, and then to flash pickle off the result. 
ing light oxide. The final product has a pleasing 
and uniform appearance, js readily wetted by lubri- 
cants and is well adapted to severe forming and draw. 
ing operations. 

The increasing weight of single rolls of strip is 
of real value in fabrication for it results in greater 
efficiency in cutting-up operations. This development 
sometimes leads to a somewhat different aspect of 
machine design than ordinarily considered, namely, 
the devising of fixtures for holding and devices for 
feeding such long rolls of strip into production 
presses. 


‘ 


Warren S. Hazelton 





Metallurgical Section, Aviation Gas Turbine Engineering, 
Westinghouse Electric Corp., give an objective view of 


this promising material. 


Drawing from experience and 


observation in gas turbine engineering, the authors sum up 
the plus and minus features of titanium and its alloys. 


“[FPANntUM now finds itself the object of concen- 


trated development. After acclaims of “wonder 
metal,” “answer to the engineer’s prayer,” and other 
equally pretentious descriptions, industry is now 
taking a more realistic approach to the application of 
the metal. There are many questions to be answered, 
and they are being investigated in basic research 
in different fields. 

Since the raw material must be homogeneous and 
have consistent properties, the basic problems are 
metallurgical. The homogeneity and consistency of 
heats improve with melting experience. The de- 
velopment of alloys to obtain a wide range of mechani- 
cal properties is a long and often complicated process. 

A short discussion of the physical characteristics 
of titanium will present a brief picture of the develop- 
ment of its various alloys. Metallurgically, titanium 
is a metallic element having a hexagonal close packed 
structure, alpha, at room temperature. At 1625 F 


130 


this structure transforms to a body-centered cubic 
structure, beta. Impurities and alloying elements 
either raise or lower this transformation temperature. 
These elements also tend to stabilize or strengthen 
one of the phases which permits the retention of that 
particular phase at operating temperatures. Thuis an 
element that raises the transformation temperature 
and also strengthens the alpha phase will permit the 
use of the alloy at a higher temperature than the 
commercially pure material. Alloys that have both 
the alpha and beta phases present at room tem)era- 
ture have properties that are controlled by hot and 
cold working and heat treatment. Thus three types 
of titanium-rich alloys are possible, namely, all alpha. 
alpha plus beta, and all beta. 

The only alloys on the market at the present time 
are of the two-phase type. These alloys have ood 
room temperature tensile properties that fal! off 
rapidly above 750 F. A wide range of tensile proper- 
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ties is obtainable, starting with 55,000 psi for com- 
mercially pure titanium, to 175,000 psi for one of 
the alloy grades. The high-strength alloys have 
good creep strengths up to 700 F and have 100 million 
ele endurance strengths at 500F ranging from 
45,000 to approximately 65,000 psi. 

Experimental heats of all-alpha and all-beta alloys 
have been made by Rem-Cru Inc. The strengths of 
these alloys, plotted as their strength-weight ratios, 
are compared to other titanium alloys as a function of 
temperature in Fig. 4. They appear to have far 
better high-temperature properties than the two- 
phase alloys. 

In general, the design problems with titanium are 
no different from those with any other metal. It 
must be realized that although titanium alloys have 
high tensile strengths, they are in the light metals 
cass and have characteristics of light metals such as 
alow modulus of elasticity. Consider the design of 
a compressor rotating wheel for a gas turbine engine 
consisting of a steel disk and steel blades. Titanium 
alloys could not be substituted for the steel in the 
disk without a change in design. The natural fre- 
quency of the titanium disk would be lowered to a 
point where it could be in resonance with the engine 
running speed. However, if titanium blades were 
used with the titanium disk and both were designed 
the same as the similar steel parts, the frequency of 
the resulting part would be the same as the frequency 
for the steel assembly. This truth holds, of course, 
because the frequency of any part is proportional to 
the geometry, modulus of elasticity, and density of 
the material. The effective product of modulus and 
density of steel is the same for titanium. 

As another example in jet engine work, as well as 
in other applications, a property that must be con- 
sidered in design is damping capacity. Often a material 
is used mainly because it has the ability to absorb 
energy, thereby limiting the maximum vibratory 
stresses set up in the part when operated at resonant 
conditions. In jet engines the compressor blades are 
usually 12 per cent chromium stainless steel, prin- 
tipally because of the high damping capacity of this 
material. Excessive aerodynamically induced vibra- 
tions are damped out by the combination of material 
damping and frictional damping at the blade-disk 
fastening. When titanium alloys are considered 
for compressor blades, the lower damping of the ma- 
terial must be offset by an increase in the mechanical 
toot damping to prevent stress amplifications at 
resonance from becoming so great that premature 
fatigue failures result. 

Titanium has a high notch sensitivity, and parts 
must have a clean, smooth surface. The endurance 
strengths of blades tested at. Westinghouse having 
Scratched surfaces were much lower than blades 
having polished surfaces. 

The high strength-weight ratio of titanium alloys 
Suggests their use in such aircraft parts as bearing 
housings or splined shafts. The galling tendency of 
titanium, however, limits its use in this type of appli- 
tation. Although titanium forms very hard carbides, 
oxides, or nitrides, there has not been much success in 
onsistently obtaining a hard bearing surface. 

To date there is no known practical method of 
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casting titanium into shapes other than ingots. The 
raw material is received either as rough forgings, bar 
stock, or plate and sheet. The processes used in 
producing these various forms break up the as-cast 
structure and yield reasonable combinations of 
strength and ductility. 

Large titanium forgings usually are not very uni- 
form in properties; tensile properties vary at different 
locations in the forging. Metallographic studies show 
different ratios of alpha to beta, and different grain 
sizes. Many of these inconsistencies can be traced to 
segregations in the original ingot, while others can be 
traced to the forging operations. Small forgings that 
are made from bar stock can be more easily controlled. 

A prime requisite for all forgings is to have clean 
furnaces. The oxidizing potential may be so high 
in some cases that the surface of the material will 
oxidize rapidly and produce enough heat to melt the 
remainder of the material. When parts having thin 
sections are forged there may be a complete penetra- 
tion of oxygen or nitrogen which forms a brittle con- 
stituent in the finished forging. At Westinghouse, a 
lithium furnace is used in heating prior to the forging 
of small parts. The descaling process must be in- 
vestigated thoroughly. There is some evidence that 
descaling with hydride or acid solutions may cause 
a reduction in impact strength, probably by a hydro- 
gen embrittlement mechanism. 

The best combination of properties can be obtained 
by forging in the alpha-beta region. This tempera- 


ture range varies for the different alloys but in gen- 











































@® TITANIUM ALLOYS 


eral is between 1400 and 1850 F. At this temperature 
the metal does not flow readily and often intermedi- 
ate dies are needed to get the desired finished shape. 
Heat treatments are usually necessary to stabilize the 
material and increase ductility of the forged part. 

Titanium and its alloys have low coefficients of 
thermal expansion compared to the die steels. This 
may cause the forging to stick in the die. Lubricants 
can be used to alleviate much of this trouble. A col- 
loidal suspension of graphite is often used as a lubri- 
cant, and even the oxide that is formed on the part 
by heating helps to prevent sticking. 

Machining is necessary in most cases after forging, 
and has been one of the major problems in the de- 
velopment of titanium. Westinghouse investigators 
have spent considerable time on tool design, tool 
grades, and feeds and speeds. The material itself 
should be low in carbon, below 0.20 per cent, and the 
surface should be free of hard oxides or nitrides. 
Carbon is soluble in titanium to about 0.20 per cent, 
and above this content hard carbides appear in the 
material. The work must be held rigid and the tool 
must be sharp to allow a continuous positive cut and 
prohibit riding. A large force is necessary to remove 
the chip, and the result is a release of energy in the 
form of heat. This heat must be removed to prevent 
tool breakdown. 

Investigators at Westinghouse feel that the removal 
of this heat is more important than lubrication and 
are attempting to use liquid carbon dioxide to do the 
job, Fig. 5. With carbon dioxide, the jets of gas must 
be directed exactly at the point of cutting. Excellent 
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Fig. 5—Broaching a 
titanium alloy com- 
ponent with liquid 
carbon dioxide direc- 
ted at the point of cut- 
ting to remove heat 
and prolong tool life 
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results have been obtained. With carbide-tip tools, 
surface speeds of 120 fpm in roughing and 180 fpm 
for finishing can be used. Speeds of 35 sfpm in rough- 
ing and 50 sfpm for finishing should be used when 
cutting with high-speed steel. 

Broaches must be redesigned for titanium and its 
alloys. Again it is important to have a rigid 
setup to prohibit any movement of the work. Backup 
plates must be closely fitted. Single-pass broaches 
with a staggered tooth design give the best tool life 
and finish to the work. Some of the most important 
factors in broaching are designing the broach with 
carbide tips, providing for heavier cuts per tooth 
than are usually used on steel, and using optimum 
clearance angles. 

Sheet metal has varied applications in many indus- 
tries. These applications usually require a forming 
process with little or no machining needed. Alloyed 
titanium sheet materials have appeared on the mar- 
ket but they have not proved too successful, since 
they have directional properties, become brittle on 
heat treatment, and are difficult to form. Commer- 
cially pure sheet is widely used and has a multitude 
of applications. This sheet can be formed easily at 
temperatures between 50 and 1050 F. Cold forming 
methods must be closely controlled to obtain a fin- 
ished part free from defects. The forming itself should 
be done at a slow strain rate. Impact forming does 
not allow the material to elongate or move sufficiently 
and cracking results. Generally larger radii are needed 
than for other sheet material. Because of the great 
amount of spring-back present, dies having a deeper 














tools, @ graw than the finished part are needed. In simple 
) fpm @ pend tests where there is no failure, the material may 
ough- @ spring back as much as 25 degrees. Lubrication is 
When § (desirable and dry-film lubricants such as graphite 
and molybdenum disulfide appear to do the best job. 
nd its Intermittent anneals enable deeper draws and lower 
rigid § the force necessary to do the work. 
ackup Commercially pure sheet material can be welded 
aches by fusion methods with resulting good properties. 
1 life B Because of the affinity of titanium for gases, and the 
ortant brittle phase they produce, inert atmospheres should 
with # be used. Parts can be welded in a large tank of inert 
tooth § gas. The process may be expensive for large parts 
imum § and may require ingenuity to do the actual welding. 
Machine arc welding can be done using a normal inert 
ndus- gas shield backed up by an inert gas. 
rming Spot and flash butt welds have high strength but 
loyed § often do not have sufficient bend ductility. The en- 
mar § durance strengths of spot welds are low and 
since § must be considered in the stress analysis of the 
le on § finished part. 
uaner Because of the many unusual and advantageous 
itude properties of titanium and its alloys, there is a great 
ly at § interest in the two related subjects, availability and 
ming § cost. Basically, the availability of titanium alloys 
. fin- § should be good, because there are plentiful supplies 
nould § of titanium ore in the world, and of particular stra- 
does § tegic significance, in the United States. The main 
ently § problems in making the metal available at a reason- 
-eded § able cost and in important quantities are associated 
great § with metallurgical and chemical difficulties. 
peper The chemical properties of titanium, in particular 
its great affinity for oxygen, mean that rather com- 
plicated and expensive reduction methods must be 
used to win the metal from its ore. Although great 
strides have been made in the last five years, and 
















H. B. Knowlton 





many investigators are studying this problem, it ap- 
pears thermodynamically improbable that any simple, 
cheap method of ore reduction will be found compar- 
able to the iron blast furnace. However, this does not 
mean that titanium will always compare with semi- 
precious metals in cost. 

As with any new metal, titanium is expensive. Bars 
and forgings have been selling for $10.00 per pound 
and up, and sheet costs about $20.00 per pound. Al- 
though these prices are expected to come down, how 
far and how soon, are difficult to predict. In any 
production process, one of the most important factors 
in cost is volume. The expected uses of titanium have 
resulted in great expansion in its production despite 
the high cost. This expansion cannot fail to cause 
reduction in price eventually, and probably will be 
felt in the near future to an increasing extent. The 
development of processing methods will also aid in 
lowering the cost. The combined effect of these two 
factors may cut the price roughly in half, but proba- 
bly not much more for some time to come. 

Mention also must be made in this respect to the 
new reduction processes being investigated that prom- 
ise significant price relief for the future. However, 
because reports on these new methods indicate they 
are still far from the production stage, optimism 
might best be restrained until work has progressed 
further. 

It is now well recognized that titanium and its 
alloys are taking their rightful places among the 
useful engineering metals. Although there still re- 
main many problems to be studied and overcome, the 
work accomplished in the last few years indicates 
that future development will result in the increasing 
use of this new metal for applications in which its 
peculiar combination of properties is best adapted. 
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URING the last two years a great deal of 
thought has been given to the use of boron as 
@ alloying element in the production of automotive 
Steels. Boron is now being added to about 12 per 
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cent of these steels. Some users are now purchasing 
as high as 60 to 80 per cent of their alloy steel re- 
quirements in boron types. 

In a discussion of boron steels, it should be empha- 
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Fig. 6—Hardenability chart comparing spread 
of 251 heats of boron grade 50B60 with 
maximum and minimum limits for 9260-H and 
9262-H. Data, courtesy Wisconsin Steel Works 





sized that boron does not add any mysterious new 
properties to steel. Parts made from this type of 
steel are not radically different from those produced 
from other steels. Boron is one of several elements 
which are employed for producing steel of the de. 
sired hardenability. It has an advantage over the 
other hardening elements in that a very tiny amount 
of boron has a large effect upon the hardenability: 
0.002 per cent of boron is equivalent to 2.00 per cent 
of nickel, or 0.50 per cent chromium. The country 
which can make the most economical use of alloying 
elements should be able to manufacture the greatest 
quantity of military materiel, and at the same time 
produce the greatest volume of civilian products with- 
out jeopardizing the quality of either. Such a coun- 
try should be in the best position to win the next war 
or the next peace. 

It may be well therefore to discuss boron steels on 
the basis of their use in place of older types of alloy 
steel, rather than on the basis of new properties 
which probably do not exist. For about two years, 
Division VIII of the SAE Iron and Steel Technical 
Committee has been conducting a series of open forum 
discussions of the properties and applications of boron 
steels. As many as 150 metallurgists have partici- 
pated in some of these discussions. In this article 
an attempt will be made to summarize some of this 
information, supplemented by experiences within the 
International Harvester Co. 

For many years alloying elements, such as nickel, 
chromium, molybdenum, and vanadium, have been 
added to automotive steels in order to produce cer- 
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in desired ranges of hardenability. The maximum 
jardness which may be produced by quenching is de- 
yndent upon the carbon content, but the rate of cool- 
ing necessary to produce this hardness is dependent 
yon the hardenability which is affected by both car- 
bon and alloy contents. The higher the hardenability, 
the less drastic is the quench required to produce the 
desired hardness. 

With alloy steels it is frequently possible to employ 
oil quenching. Oil, water or brine quenching might 
be necessary with plain carbon steels. Slower quench- 
ing may mean less distortion, warping, and residual 
stresses. It should be mentioned in passing, how- 
ever, that special treatments, such as torch or induc- 
tion hardening, time quenching, etc., applied to plain 
carbon steels may develop good physical properties 
and stress distribution, if the process is expertly 
controlled. 

Boron steels are not new. International Harvester’s 
mill Wisconsin Steel, has been working with boron 
additions for about 15 years. During World War II 
it produced 92B62, a boron silicon manganese steel, 
for certain ordnance parts with excellent results. At 
present a number of steel companies are producing 
several families of boron steels, TABLE 1. The 80B00 
and 50B00 steels have hardenability equivalent to the 
8600 steels, while the 86B45 is being used by one 
tractor manufacturer to replace 4340. Also, 14B00 
carbon boron steels are used to replace the lower 
hardenability alloy steels, particularly for bolts. 


Heat-Treated Parts: In general, boron steels have 





Table 1—Chemical Composition Limits of Boron Steels* 
(per cent) 


Grade Cc Mn Si Ni Cr Mo Vv 


TS 14B35 0.33-0.38 0.75-1.00 0.20-0.35 ...... euvace 8 §6eesene 
TS 14B50 0.48-0.53 0.75-1.00 0.20-0.35 ...... sssape rrr T 
14B52 0.47-0.55 1.20-1.55 0.20-0.35 ...... 0  caeuee oveece 
TS 40B37 0.35-0.40 0.70-0.90 0.20-0.35 ...... eoccee 0.08-0.15 ...... 
TS 43BV12 = 0.08-0.13 0.75-1.00 0.20-0.40 1.65-2.00 0.40-0.60 0.20-0.30 0.03 min. 
TS 43BV14_ = 0.10-0.15 0.45-0.65 0.20-0.35 1.65-2.00 0.40-0.60 0.08-0.15 0.03 min. 








TS 46B12 0.10-0.15 0.45-0.65 0.20-0.35 1.65-2.00 ...... 0.20-0.30 ...... 
50B15 0.12-0.18 0.70-1.00 0.20-0.35 ...... 0.35-0.60 ...... sone 
50B20 0.17-0.23 0.70-1.00 0.20-0.35 ...... 0.35-0.60 ...... caves 
50B30 0.27-0.34 0.70-1.00 0.20-0.35 ...... 0.35-0.60 ...... oseune 
50B35 0.32-0.39 0.70-1.00 0.20-0.35 ...... 0.35-0.60 ......  savuee 
50B37 0.34-0.42 0.70-1.00 0.20-0.35 ...... 0.20-0.40 
50B40 0.37-0.45 0.70-1.00 0.20-0.35 ...... 0.35-0.60 
50B4 0.42-0.50 0.70-1.00 0.20-0.35 ...... 0.35-0.60 

TS 50B46 0.43-0.50 0.75-1.00 0.20-0.35 ...... 0.20-0.35 ...... soewes 
50B49 0.47-0.55 0.70-1.00 0.20-0.35 ...... 0.20-0.40 ...... 0 caeuee 

TS 50B50 0.48-0.53 0.75-1.00 0.20-0.35 ...... 0.40-0.60 ...... cueuee 

TS 50B60 0.55-0.65 0.75-1.00 0.20-0.35 0.40-0.60 


S80B15 0.12-0.18 0.60-0.90 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15  ...... 
80B17 0.14-0.20 0.60-0.90 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15  ...... 
80B20 0.17-0.23 0.60-0.90 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15 ...... 
80B25 0.21-0.28 0.60-0.90 0.20-0.25 0.20-0.40 0.15-0.35 0.08-0.15  ...... 
80B30 0.27-0.34 0.55-0.80 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15 ...... 
80B35 0.32-0.39 0.65-0.95 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15 ...... 
TS 80B37 - 0.35-0.40 0.75-1.00 0.20-0.35 0.20-0.40 0.20-0.35 0.08-0.15 
80B40 0.37-0.45 0.70-1.00 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15 ...... 
80B45 0.42-0.50 0.70-1.00 0.20-0.35 0.20-0.40 0.15-0.35 0.08-0.15 ...... 
80B50 0.47-0.55 0.70-1.00 0.20-0.35 0.20-0.40 0.25-0.50 0.08-0.15 
80B55 0.50-0.60 0.70-1.00 0.20-0.35 0.20-0.40 0.30-0.55 0.08-0.15 
80B60 0.55-0.65 0.70-1.00 0.20-0.35 0.20-0.40 0.30-0.55 0.08-0.15  ...... 
81B35 0.32-0.39 0.70-1,00 0.20-0.35 0.20-0.40 0.30-0.55 0.08-0.15 ...... 
TS 81B40 0.38-0.43 0.75-1.00 0.20-0.35 0.20-0.40 0.35-0.55 0.08-0.15 ...... 
81B45 0.42-0.50 0.70-1.00 0.20-0.35 0.20-0.40 0.30-0.55 0.08-0.15 ...... 
81B50 0.47-0.55 0.75-1.05 0.20-0.35 0.20-0.40 0.35-0.60 0.08-0.15 ...... 
TS 94B17 0.15-0.20 0.75-1.00 0.20-0.35 0.30-0.60 0.30-0.50 0.08-0.15 ...... 
TS 94B20 6.17-0.22 0.75-1.00 0.20-0.35 0.30-0.60 0.30-0.50 0.08-0.15 ...... 
TS 86B45 0.43-0.48 0.75-1.00 0.20-0.35 0.40-0.70 0.55-0.75 0.08-0.15 ...... 
*These steels can be expected to have 0.0005 per cent minimum boron content. 
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been satisfactorily substituted for conventional 0.30- 
0.60 per cent carbon alloy steels on the basis of dupli- 
cating the hardenability. Many of the useful proper- 
ties of heat treated steel parts are dependent directly, 
or indirectly, upon the cross sectional hardness, which 
in turn is dependent upon carbon content and harden- 
ability of the steel. Strength is directly proportional 
to hardness; toughness is somewhat inversely propor- 
tional to strength and hardness. The best combina- 
tion of hardness and toughness is obtained when the 
steel is fully hardened before tempering. Many pro- 
duction parts, however, do not meet this ideal require- 
ment. In substituting boron steels, it is usually satis- 
factory to duplicate the hardness and toughness of 
the original part. 

The type and magnitude of residual stresses set up 
by heat treatment have a pronounced effect upon the 
final performance of any heat-treated part. Substi- 
tuting boron steels on the basis of equivalent harden- 
ability usually means that they will respond in the 
same way to heat treatment and will set up similar 
internal stresses. This fact does not apply, however, 
to case-hardened parts, as will be discussed later. 

Boron replaces the hardenability function of other 
elements but will not duplicate other properties, such 
as corrosion and heat resistance, or cold impact 
strength. Where other alloy steels have been specified 
for these purposes, boron steels may not be satisfac- 
tory substitutes. Molybdenum steels in particular 
have been known for high notch toughness at subzero 
temperatures. While the boron steels may not dupli- 
cate these properties, they have frequently been found 
to have adequate notch toughness for many com- 
mercial applications, even at low temperatures. 

The following are typical examples of successful 
applications of boron steels. 


Springs: Grades 80B60, 50B60, and 51B60 have 
been used satisfactorily for leaf and coil springs in 
trucks and tractors. Fig. 6 shows the observed hard- 
enability band for 251 heats of 50B60 in comparison 
with 9260-H. Laboratory fatigue tests and actual field 
service have demonstrated the merit of these steels. 
51B60 has been similarly used for springs over 1-inch 
thick. No trouble with brittleness has been reported. 
The meager amount of cold notch impact test data 
submitted indicates that the boron steels have higher 
notch toughness than 9260 and 9262. It must be re- 
membered that coil and leaf springs do not contain 
sharp notches, such as used in the impact test bar. 
Consequently cold notch toughness is probably not 
a determining factor. 


Bolts: For a number of years the Caterpillar 
Tractor Co. has successfully used 14B35 boron carbon 
steel for heat treated bolts up to 7/16-inch diameter 
for oil quenching, and 1 to 14-inch diameter for 
water quenching. More recently others are using 
14B35 for 4037, 8630, 2330 bolts. A special 40B37 
is recommended for the manufacture of bolts involv- 
ing difficult heading operations. 


a 


Other Heat-Treated Parts: Reports indicate that 
boron alloy steels are being satisfactorily substituted 
for a large variety of heat-treated automotive parts 
on the basis of duplicating the hardenability of the 
original steel. It is still a safe recommendation, how. 
ever, to make simulated service tests of any part 
under consideration before substituting boron steels, 


Processing Characteristics: Little difference has 
been reported in the forgeability and machinability, 
or weldability of boron steels in comparison with 
other steels of similar hardenability. There may be 
some tendency for the boron steels to be slightly 
softer after normalizing. Boron steels may not show 
the same resistance to tempering as some other alloy 
steels; consequently it may be necessary to lower the 
tempering temperature 50 degrees or more, to obtain 
the customary final hardness. 


Case-Hardening Steels: Several automotive firms 
have been successful in making certain types of case- 
hardened gears with boron alloy steels. Fig. 7 shows 
the results of dynamometer tests on gears made of 
80B20 as reported by Widrig and Groves of Spicer 
Mfg. Co. It will be noted that the boron steels gave 
as satisfactory performance as 8620. Others have 
reported considerable difficulty with distortion of the 
boron steels during the case-hardening process. This 
is probably due to the fact that boron has much more 
effect upon the hardenability of the core than it does 
upon the hardenability of the case. This condition is 
illustrated by Fig. 8. 

Nickel, on the other hand, has a much greater effect 
upon the hardenability of high-carbon than of low- 
carbon steels. It is probably for this reason that the 
high-nickel steels, such as 4815, and to some extent 
4615, excel in their ability to produce high hardness 
on the surface of very large gears and pinions with 
oil quenching after carburizing. Substituting boron 
steels which have the same hardenability in the core 
will not guarantee the desired hardness in the case 
of large sections. Boron, however, does increase the 
hardenability of the layers in the case which are 0.70 
per cent carbon or less. Consequently it produces 
higher hardness in the lower layers of the case, and 
this may be valuable in preventing crumbling of the 
case under severe loads. 

The high hardenability of the core with boron steels 
sometimes leads to distortion and other difficulties. 
This may be overcome to some extent by lowering the 
carbon content of the steel, thus lowering the hard- 
ness of the core. Very-low-carbon steels, however, 
may give difficulty in machining. 

On the whole, it may be found that the use of boron 
steels for case-hardened parts, particularly case- 
hardened gears, involves more problems than the use 
of similar steels for heat-treated parts. It should 
be emphasized, however, that boron steels are being 
satisfactorily used for certain case-hardened gears 
after a thorough study has been made of individual 
problems. 
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UBBER compounding today is on a new 
threshold. With the introduction of new syn- 
thetic polymers, and new natural rubber com- 

pounding techniques, the compounder and designer 
have been given an increasingly wider field for devel- 
opment and experimentation. This fact is generally 
recognized by a large percentage of rubber users, but 
there are many who do not realize that rubber has 
become an ideal material for applications in which it 
would have been unsatisfactory only a few years ago. 
Recent developments contributing to rubber’s increas- 
ing versatility as an engineering material are briefly 
reported in this article. Topics include new techniques 
and equipment as well as rubber materials. 


Natural Rubber: There have not, of course, been 
any substantial changes in the methods of producing 
natural rubber over the last year or two, nor are there 
any major changes in the physical properties obtain- 
able from the natural product. However, great strides 
have been made in the classification and gradation of 
rubber, and there are today types commercially avail- 
able which are extremely advantageous to the manu- 
facturer who wishes to be certain of the consistent 
physical properties in his product. 

Known as TC Rubber (Technically Classified Rub- 
ber), these grades of rubber can be purchased with 
certain physical properties of the lot tested and cer- 
tified. The use of such rubber should minimize the 
once-common difficulty of obtaining consistent proper- 
ties from different batches of natural material. 

TC Rubber is tested in the East Indies for its mod- 
ulus at an elongation of 600 per cent. Depending on 
the results of this test, the lot of material is segre- 
gated into one of three classifications. In like man- 
ner, a sample from the lot is tested for its Mooney 
plasticity and separated into one of three classifica- 
tions. If, in a given product, all the manufacturing 
variables are carefully controlled and, in addition, TC 
rubber is used, reasonably consistent physical prop- 
erties can be expected. Control of modulus and plas- 





ticity makes it possible to anticipate reasonably uni- 
form hardness, tensile strength, elongation, etc. 


Cold Rubber: GR-S, or Buna §, is the general-pur- 
pose rubber. Made in the largest volume during 
World War II it became, and still is, the generally 
used substitute for natural rubber. Superior in some 
respects to natural rubber, it is inferior in others. 

In recent years, however, the development of “cold 
rubber” has substantially improved the tensile 
strength and the abrasion resistance over that of the 
more general types of GR-S, and has overcome some 
of the objections to the material. The earlier types 
of GR-S were polymerized at about 120 F, whereas 
cold rubber is polymerized at a temperature in the 
neighborhood of 40 F. 

A number of companies who were forced back to 
the use of GR-S during the rubber shortage of the 
last year and a half, and who are once again able to 
use natural rubber in their product, prefer to stay 
with the later types of GR-S even though the price 
of natura] rubber has today dropped to a point where 
there is little, if any, cost advantage in the use of 
GR-S. 

Because of the natures of the sources of supply of 
GR-S and natural rubber, jit is unlikely under present 
conditions that natural rubber will ever sell at a sub- 
stantially lower price than GR-S. On the other hand, 
it is entirely possible, and perhaps probable, that nat- 
ural rubber will once again sell at a substantial pre- 
mium over GR-S within the next few years. It is, 
therefore, advisable that users of natural rubber who 
have been unable to find a GR-S compound to do their 
job should continue in their search for it. 

The constant improvement not only in the raw ma- 
terial GR-S, but in its compounding, has made pos- 
sible many applications in which natural rubber was 
considered indispensable only a few years ago. It is 
not uncommon today for cold rubber stocks com- 
pounded with carbon black to have tensile strengths 
in excess of 3000 psi. A number of manufacturers of 
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pipe gaskets for use in the transmission of water, 
sewage, natural gas, manufactured gas, etc., who, dur- 
ing World War II considered the use of synthetic rub- 
bers as entirely impractical, are now using GR-S 
compounds in their product in preference to natural 
rubber. 


Silicone Rubber: Silicone rubber has been com- 
mercially available for the past five or six years. How- 
ever, during the first of these years, while the mate- 
rial had excellent properties, particularly with respect 
to its ability to resist deterioration at extremely high 
temperatures, and its flexibility at low temperatures, 
it was extremely difficult to fabricate. Over the last 
year or two, tremendous strides have been made with 
respect to the moldability and extrudability of silicone 
rubber. 

Illustrated in Fig. 9 is an oxygen mask face piece 
which has been molded from one of the silicone rub- 
bers and which represents as complicated a piece of 
molding, shapewise, as is ordinarily encountered in 
regular commercial molding. Two years ago, it would 
have been considered entirely impossible to mold such 
a complex piece from silicone rubber, because when 
hot this material has poor tear resistance. The ma- 
terials available a year or so ago would have torn 
during the process of stripping the mask from the 
mold or during the process of removing the steel cores 
which form the air ducts in the mask. 

Silicone rubbers not only withstand unusually ex- 


treme temperatures but, also, possess good dielectric 
properties, are resistant to many chemicals, and have 
good resistance to ozone and oxidation, fungus, ete, 
Silicone rubber does not have as good tear resistance, 
or as good tensile strength, as many of the other syn- 
thetic rubbers or as natural rubber. However, in these 
respects, also, it has been tremendously improved 
over the last several years. 

Following is a list of chemicals to which one or an- 
other of the silicone rubbers is considered unusually 
resistant: 


Mineral oil 
Nitric acid 
Sodium carbonate 
Sodium chloride 
Sodium hydroxide 
Sulfuric acid 
Water 


Acetic acid 

Acetone 

Ammonia, liquid 
Ammonium hydroxide 
Freon 114 
Hydrochloric acid 
Hydrogen peroxide 


Neoprene: A new neoprene polymer identified as 
Neoprene WRT has been developed which is superior 
in some respects to the earlier types. In particular, 
Neoprene WRT has substantially better compression 
set or drift characteristics than Neoprene GN. 

Other types of neoprene have given trouble in cold 
applications due to a progressive crystallization of the 
polymer at low temperatures which has resulted in a 
gradual hardening of the compound or molded part. 
Neoprene WRT is greatly improved over earlier types 
in this respect, also. 





Fig. 9—Oxygen mask face piece which exemplifies complexity of molding 
now feasible with new silicone rubbers having improved tear resistance 
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The new polymer at the present time sells for ap- 
proximately 7 cents per pound more than the con- 
ventional types of neoprene. 


Hycar PA: Hycar PA is a polymer of an acrylic 
acid ester. At present, it is somewhat less expensive 
on a weight basis than the silicone rubbers. It has 
excellent resistance to flexing and extremely good re- 
sistance to sunlight and ozone. Its heat resistance is 
superior to most of the conventional rubber and syn- 
thetic rubber compounds, but is not as high as the 
silicones. It has good resistance to many hot oils. 

To date, this polymer has been available only in 
limited quantities and is still so new that many pos- 
sible applications have not yet been explored. How- 
ever, it has been used successfully in applications 
where high heat resistance and oil resistance are es- 
sential, and already has sufficient background to make 
ita material which can be safely used. 


Hypalon S-2: Hypalon S-2 is an entirely new Du 
Pont material with which, to our knowledge, there 
has not been a substantial amount of experience in 
quantity production. It is a chlorosulfonated poly- 
thene. It is reported that it can be molded by either 
compression or injection methods with conventional 
rubber molding equipment. Of course, the properties 
of products made from it depend not only on the 
polymer itself but also, as with all rubberlike mate- 
rials, on the ingredients with which the polymer is 
mixed. 

In general, however, it is reported that compounds 
can be developed with Hypalon S-2 having the follow- 
ing properties: tensile strengths ranging to 3500 psi; 
shore A durometer readings from 60 to 95 or some- 
what softer if mixed with plasticizers such as natural 
rubber; extremely good ozone resistance and extreme- 
ly good abrasion resistance; good flex life; good heat 
resistance, and good outdoor weathering properties. 
The compounds made from the material tend to have 
a higher modulus than most of the commonly used 
polymers. 


Rubber-Metal Adhesions: New thermosetting types 
of adhesives have been developed in recent years 
Which have multiplied, by many times, the bond 
strength that can be obtained between rubber, or syn- 
thetic rubber compounds, and metal components. For 
Many years, it has been general practice to make, for 
ample, rubber-to-metal engine mountings and sim- 
ilar vibration absorbing mounts by using hard rubber 
tie gums, or thermoplastic adhesives, or by brass plat- 
ing the metal components of the mount, and putting 
them in a mold with uncured rubber stock. As the 
tubber is vulcanized, a bond between the two mate- 
tials is obtained. 

Because of variations in the shape of the parts in- 
Volved, or in the types of metal used, or in other 
limiting factors which might affect the type of bond 
that can be obtained, it is difficult to state in definite 
terms what can be expected of bond strength be- 
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tween any specific materials. For purposes of com- 
parison, however, it might be said that rubber stocks 
bonded to metal components without the use of ad- 
hesives may be expected, in the case of soft com- 
pounds, to develop a bond strength of 50 psi or bet- 
ter. Under ideal conditions, and by using adhesives, 
adhesion values as high as 2000 psi (measured by 


ASTM Adhesive Test D429-47T) can be obtained. 


In the use of these materials it is essentia] that, 
first, the metal inserts or components be chemically 
clean. This is accomplished by such procedures as 
pickling, air or mechanical blasting with sand or 
metal particles, and chemical cleaners. After clean- 
ing, adhesive is applied or in certain cases the metal 
components are brass plated to obtain adhesion to 
the rubber. Adhesives are applied to the metal by 
dipping, brushing or spraying, and dependent on the 
nature of the adhesive, the material can be applied at 
either room or elevated temperatures. After cement- 
ing, care is taken to protect inserts from foreign ma- 
terials or contamination prior to molding. The raw 
stock is compounded to give the best adhesion and, 
to meet customer specifications for the part, must be 
used or vulcanized within a specified period of time 


after mixing. 


In TABLE 2 are outlined the results that Acushnet 
has been able to obtain under ideal conditions. It 
must be borne in mind, however, that in many cases 
when it is necessary, for example, to use an adhesive 
or a compound which is suitable for resistance to 
heat, fuels or some other unusual condition, the se- 
lection of those materials might make it impossible 
to obtain as good a bond as indicated by this table. 
The shape of the parts involved also often sets a limit 


on the type of bond obtainable. 


Because success or failure of the bonded applica- 
tion depends to such a great degree upon the design 
of the part involved, it cannot be too strongly recom- 
mended that the designer consult a competent pro- 


ducer of rubber-to-metal adhesions while the design 
is in its initial stage. The following suggestions might 
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Table 2—Comparative Strength of Rubber-Metal 








Bonds* 

Natural Nitrile Butyl 
Metal Rubber GR-S Neoprene Rubber Rubber  Silicone+ 
Black iron ... Good Good Good Good Fair Good 
Steel 5 tatan «ha, Good Good Good Fair Good 
Aluminum... Good Good Good Good Fair Good 
Stainless steel Good Good Good Good Fair Good 
BAGG .ccsccee PO Poor Poor Poor Poor 
Copper secne ae Fair Fair Poor Poor 
Dow Metal... Good Good Good Fair Fair 
BRS asccsices Se Good Good Good Fair aeen 
Brass (70/30) Good Good Good Fair Fair Good 
Brass Plate... Good Good Fair Fair Fair 
Carbont .... Fair Fair Fair Fair Fair 





*Ratings are based upon the strength of the rubber material. ‘‘Good’’ 
means adhesive bond strength equal to or greater than that of the 
rubber. ‘‘Fair’’ means less than the rubber strength but sufficient for 
some applications. ‘‘Poor’’ means bond strength satisfactory only where 
slight adhesion is required. 

tConstant ‘‘good’’ due to low tear and tensile strength of the polymer 
itself. 

Bond failures occur when the insert (carbon) breaks. 
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well be borne in mind during the design of the com- 
ponent. 

The metal portions should be designed with thought 
to their location in the mold. The surfaces which will 
come in contact with the mold must be as accurate 
as it is expected to have the metal component located 
in the rubber. Spaces in the cavity of the mold which 
are not occupied by metal wil] be necessarily occupied 
by the rubber compound itself, and if it is necessary 
to have areas of the metal free of rubber, they must 
either hug the walls of the mold, or the rubber will 
have to be removed from the metal surfaces later. 
In many cases, these cleaning operations are costly. 

The surface of the metal component which is in 
contact with the rubber and which will be placed 
under stress, should be as uniform as possible. Holes 
or projections from this metal surface may cause con- 
centration of stresses, and will start failures in the 
bond at lower load values than would be obtained if 
these stresses were distributed uniformly over the 
surface of the metal parts. 

Sharp corners, either external or internal, should 
be avoided wherever possible. Internal sharp corners 
invariably result in stress concentrations at these 
points. All holes or undercuts in rubber parts must 
be formed by portions of the mold which occupy these 
spaces during molding, and it must be possible to re- 
move these metal portions of the mold from the fin- 
ished product. 

Although draft is not necessary in most molded 
rubber products that are made without metal com- 
ponents or attachments, draft is essential in many 
spots where the stretching of the rubber is restricted 
by the metal component. 


Transfer and Injection Molding: Much progress 
has been made in the past several years in the field 
of mold design, particularly in the methods of trans- 


Fig. 10—Rubber components with thin slot 
through thick section typifying practice _ 
sible by transfer or injection moldi 


ing 


ee 


fer and injection molding thermosetting materials 
such as rubber and synthetic rubbers. Molds de- 
signed for these methods are empty when closed in 
the press and are held closed by a clamp or hydraulic 
press while the raw rubber stock is forced into the 
cavities through sprues or channels. 

The term transfer molding is generally used to de- 
fine the mold which performs this operation in « con- 
ventional compression type press, providing such a 
press has sufficiently high clamping pressure to hold 
the mold closed against the pressure of the materia] 
being molded inside it. 

This method virtually eliminates the flash or excess 
rubber on the molded product, as well as the varia- 
tions which previously have always been inherent be- 
cause of variations in the thickness of the flash. These 
advantages, unattainable by conventiona] compres- 
sion molding, permit the production of parts requir- 
ing a high degree of accuracy with a minimum varia- 
tion in thickness. In addition, by eliminating the op- 
eration of flash removal, cost savings result in many 
instances. However, as constant high pressure must 
be maintained during the molding operation, transfer 
molds normally have fewer cavities than molds op- 
erated by ‘the older compression methods. This fac- 
tor and the cost of cleaning out sprues between heats 
tend to offset the savings in flash removal. On the 
other hand, certain type cavities in transfer molds 
can be loaded by using one slug of stock for several 
cavities, whereas, in compression molding each cavity 
requires individual loading. 

Transfer and injection molding are similar insofar 
as both have stock introduced into the cavity through 
sprues while the mold is closed at all parting lines. 
However, injection molds require not only clamping 
equipment such as toggle-action link clamps or hy- 
draulic ram systems, but they also require an ex- 
ternal mechanism to supply the force necessary to 
propel the stock through the sprues. Transfer molds 
are designed to make dual use of the closing force of 
a hydraulic press for these functions. 

The advantages of these methods are more pro- 
nounced when it is realized that by their use it is 
possible to mold metal inserts in rubber parts, which, 
if molded by the compression method, would in most 
cases become dislocated, damaged or destroyed. 

As discussed previously, when metal inserts are 
molded in rubber parts, sufficient contact must be 
provided between the inserts and the faces of the 
mold to assure positive location of the inserts. Fre 
quently the shapes of the metal inserts and rubber 
parts are such that positive location can only be ob- 
tained when the mold is closed, since the locating sul 
faces are distributed between several surfaces of the 
mold. Thus in compression molding, if the inserts 
were put in place and cold stiff stock were forced 
against them before they were securely anchored, 
they would in many instances drift out of place and 
be damaged, or damage the mold when it was com 
pletely closed. Also, the molded part itself would be 
unsatisfactory. In transfer or injection molding, of 
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course, the mold is completely closed before the pres- 
sure of the heated, softened stock comes against the 
metal inserts. 

In like manner, other parts not having meta] com- 
ponents may require thin slots or sections formed by 
portions of the mold that are extremely delicate ex- 
cept when completely supported by other components 
of the mold. An example of such a part is illustrated 
in Fig. 10. The thin, through-slot in this part can not 
be put in after molding because of the irregularities 
and thickness. 


Extrusion Molding: In recent years, so-called 
cold-feed tubers have been developed which have in- 
creased the accuracy obtainable in the cross-section 
dimensions of most extrusions. In conventional ex- 
trusion equipment, the mixed stock must be warmed 
and milled to a uniform plasticity on milling equip- 
ment generally located adjacent to the extruder. 
Variations in the length of time the stock remains on 
the mills result in variations in the softness of the 


James V. Winkler 


stock when extruded which, in turn, are reflected in 
differences of the cross-section dimensions of the fin- 
ished extrusion. 

The cold-feed extruder makes possible feeding of 
cold stock into the extruder where it is plasticized and 
warmed during its passage through the machine. All 
batches of stock, therefore, pass through the same 
cycle and can be expected to have nearly the same 
degree of plasticity. 


Curing: Dielectric heaters have been used in re- 
cent years to speed up the cure and lower the cost of 
rubber parts having thick cross sections. Because of 
the time involved in heating such thick rubber parts 
uniformly, previously long periods were required to 
properly vulcanize such parts. Dielectric heaters, 
which internally heat the uncured material before it 
is molded, reduce by many times the period necessary 
to hold such a part in the mold or press equipment. 
As a result, more uniformly cured products of thick 
cross sections can be expected. 





OGRESS in the development of new alloys, fab- 
rication of wrought products, joining, and allied 
techniques have all played an important role in mak- 
ing magnesium one of the common structural metals. 
Growth curves of four major. metals are shown in 
Fig. 11. At the present rate of growth it is anticipated 
that consumption of primary magnesium shall have 
reached a total of at least 100,000 tons per year by 
1960. A factor in the growth of magnesium is the 
abundance of a source of supply for the metal. Mag- 
tesium ores such as magnesite and dolomite are wide- 
ly distributed and in large supply. And the ocean 
‘ontains a virtually unlimited supply of magnesium. 


New Alloys: It has long been known that by alloy- 
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Head, Magnesium Sales Dept. 

Tech. Service and Development, 
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for Dow’s development of new 
applications for magnesium. 
Experienced also in process development 
in the forming and fabricating 

of magnesium as well as field 

sales work, he reports the industry's 
advances particularly pertinent in design. 


ing magnesium with rare earths, alloys having su- 
perior properties at elevated temperatures could be 
produced. Early rare earth alloys had poor foundry 
characteristics and did not lend themselves to cast- 
ings of any great complexity. The early alloys were 
coarse-grained, leading to hot cracking during solidi- 
fication, and to breakage of the casting in processing 
it. 

To overcome these difficulties, zirconium, a power- 
ful grain refiner, was used. The resultant alloy, Dow- 
metal EK3O, containing 3 per cent total rare earths 
and 0.25 per cent zirconium, offers a combination of 
good room-temperature properties with ability to per- 
form at high stress levels in the range of 300 F to 
600 F. The development of this alloy is especially 


141 





ee. tasee" aw 



































| 











10,000,000 


++ 4-+4++4++444-— 





























BRYA 


titi +—+ 1-4-4. 
Ml Lh +} 
| | 
| ' 
| 
++ +h +titt 
| rT 
| 1} 
i Mii 


I \S 
| 








Magnesium 
+ 





























100 
1890 1900 1920 1930 1940 1950 1960 


Year 








Fig. 11—Consumption of several 
primary metals in tons per year 


important in answering the demand for an ultralight 
alloy able to withstand the high stresses at high op- 
erating temperatures encountered in jet aircraft en- 
gines, Fig. 12. 

In an investigation aimed at developing a commer- 
cial extrusion alloy with better strength and tough- 
ness than other commercial alloys, alloy additions of 
zirconium were tried. The possibility of adding zir- 
conium to magnesium-aluminum alloys was quickly 
eliminated, since zirconium precipitates almost com- 
pletely in the presence of aluminum. The magnesium- 
zine alloys, however, were found to respond well to 
additions of zirconium. 

The resultant alloy, ZK6OA, containing approxi- 
mately 6 per cent zine and 0.6 per cent zirconium, is 
an ageable extrusion alloy for use where high strength 
magnesium extrusions with good toughness are re- 
quired. Its high mechanical strength is due to the 
small gra:n size which zirconium produces and helps 
maintain. This is not the sole factor, since proper- 
ties are also dependent to some extent on extrusion 
conditions, such as temperature, speed, and reduction 
o= cross sectional area. The material possesses, in 
addition to good strength and toughness, low notch 
sensitivity and a relatively high resistance to stress 
corrosion. 

One of the most recent developments in the mag- 
nesium industry was the initiation of a plant of The 
Dow Chemical Company at Madison, Il., for the pro- 
duction of magnesium sheet, extrusions, and alloys. 
This plant, when completed, will be capable of pro- 
ducing wider and longer sheet than has heretofore 
been: available in magnesium. Latest equipment for 
rolling, extruding, and ingot casting of magnesium al- 
loys is now being installed. Many operations will be 
conducted on a mass-production basis for the first 
time in the history of the magnesium industry. 
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New and Improved Processes: Magnesium alloy 
sheet possesses excellent formability when heated dies 
are used. Forming in the temperature range of 500 
to 600 F permits deformations impossible in any other 
metal and a single draw often is all that is required, 
Deformations up to 75 per cent are not out of the ordi- 
nary. This eliminates the need for multiple sets of 
dies, speeds up the operation and reduces processing 
costs even though a preheating of the sheet is re- 
quired. 

Among the newer developments in the draw form- 
ing of magnesium has been the discovery of new and 
improved lubricating agents and better methods for 
removing the lubricant after drawing. When fornm- 
ing in the temperature range of 500 to 600 F, a col- 
loidal graphite suspended in a suitable carrier such 
as alcohol or naphtha is very satisfactory. This mix- 
ture can be sprayed on the sheet, but a more satis- 
factory method of applying the lubricant is by roller 
coating. 

Previously, the big disadvantage in using a colloidal 
graphite forming lubricant had been the difficulty en- 
countered in removing the lubricant after forming. 
Now, new means of removal, consisting of a caustic 
dip followed by rinsing in hot water and chromic 
nitrate dip, eliminate any vestiges of lubricant. 

On deformations requiring lower temperatures up 
to 400 F, such as in stretch forming, wax lubricants 
have been developed giving ease of application and 
removal. 

In spite of the preheating of the blank and the 
heating of the dies, hot forming magnesium is widely 
accepted. The practice is becoming widespread and 
is now moving into other metal practices. Shops 
forming magnesium, titanium, and high strength alu- 
minum perform hot operations on the metals in order 
to increase formability and to eliminate the number 
of successive dies required. 

Development of applications for welded magnesium 
has closely paralleled the introduction of new weld- 
ing equipment for industry. Such developments as 
the electronically controlled spot welder and the inert- 
gas-shielded tungsten-are process have all been ap- 
plied to magnesium alloys and have increased the 
fields of application and the acceptance of the metal. 

Magnesium sheet and extrusion alloys are readily 
spot welded. Spot welds in magnesium have excel 
lent static strengths, but fatigue strengths are some 
what lower than for either riveted or adhesive-bonded 
joints. High-quality spot welds of consistent strength 
can be obtained, providing material surfaces are prop- 
erly cleaned and welding machines have closely con 
trolled weld current, electrode pressure and welding 
time. 

Experience indicates that flash welding can be 
adapted to high-production joining of magnesium. 
alloy is difficult to weld because of its narrow solidifi- 
cation range, but FS1, J1 and O1 have been flash 
welded to obtain joint efficiency of 85 to 95 per cent. 
Rapid push-up is required because of the hig! com 
ductivity and narrow freezing range of magn ‘sium. 
Machines with automatic push-up should be used. The 
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oxide film does not have to be removed prior to weld- 
ing as is necessary with other types of magnesium 


welding. No flux or protective atmosphere is re- 
quired. 

The application of the stud-welding process to mag- 
nesium has proved feasible. Projections, threaded 
studs and bosses can be attached to surfaces rapidly 
and economically. 

Arc welding has played an important part in the 
more than two-fold expansion of magnesium fabrica- 
tion in the last four years. The inert-gas welding 
process was developed specifically for use on mag- 
nesium in late 1941. This method is still being used, 
but is not so popular as the modification which makes 
use of alternating current with high-frequency sta- 
bilization. The advantage of alternating current is in 
the greater current carrying capacity of the tungsten 
edectrode and the resulting greater penetration ob- 
tained. 

A new operation for magnesium has recently been 
brought to commercial development. The impact ex- 
trusion process for magnesium has reached a point 
where it is felt that it will become an important fab- 
rication method, to rank with drawing, forging and 
spinning. 

The impact extrusion process for magnesium is es- 
sentially the same as for other metals, the main dif- 
ference being the temperature of operation which in 
the case of magnesium alloys may vary from 350 to 
700 F depending on the alloy and the speed of op- 
eration. Basically it consists of four operations: slug 

preparation, impact extrusion, can trimming and can 
cleaning. j 

Thus far, most of the parts have been of the type 
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used in dry-cell batteries. These are round cans in 
diameters from about 7/16 to 114 inches and from 1 
to 6 inches in height. Some square cans have been 
made and there is no reason to believe that parts hav- 
ing flanges, ribs and bosses could not be made. 

Some of the advantages of magnesium which bear 
consideration when looking for impact extrusion ap- 
plications are light weight, the rigidity of the part, 
which means that the part can be rough-handled right 
from the extrusion press without damage, excellent 
resistance to many organic chemicals and oils, and 
excellent electrical conductivity. 

A process widespread in World War II and again 
becoming increasingly important is the forging of 
magnesium alloy parts. Complicated forged shapes 
are easily produced in magnesium. One of the newer 
experimental applications of forged magnesium is the 
large aircraft wheel. The development of the new al- 
loy, ZK60A, now widely used as a forging alloy, is 
providing forgings of greater strength and toughness. 


Design: Design principles developed originally for 
magnesium have increased fields of application tre- 
mendously. One of the important advances has been 
in the field of monocoque or stressed-skin construc- 
tion. This type of design was initiated during World 
War II for aircraft construction and has been incor- 
porated into many recent aircraft designs and com- 
mercial applications. 

The most startling development of this design is 
portrayed by the experimental F-80 wings being man- 
ufactured by East Coast Aeronautics Inc., Fig. 13. The 
semimonocoque wings provided greater simplification 
through the use of magnesium parts of thicker sec- 
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Fig. 12—Experimental jet-engine 
parts cast in Dowmetal EK30 alloy 
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tion. The magnesium wing contained 31 per cent of 
the number of parts and 38 per cent of the number 
of fastenings contained in the original. Weight sav- 
ing was not the goal in this application and none was 
made in the basic structure. Simplification of design, 
however, reduced the number and complexity of fuel 
cells and, with all cells installed and full, the wing 
was 10 per cent lighter than the original. The wing 
also has improved torsional rigidity and better aero- 
dynamic smoothness than the conventional structure. 

This same design was applied to truck body con- 
struction. A simplified body was built, using thick 
skin construction throughout and eliminating a sub- 
stantial number of the internal stiffeners and braces. 
The resulting truck body has operated for a number 
of years with success and has proved to be stronger 
than the conventional body construction. 

Certain basic characteristics of magnesium make 
the metal an economical choice for die-cast parts. 
Magnesium castings do not have so great a tendency 
to solder or adhere to a die as other metal castings 
do. Consequently, die coating solutions are not nec- 
essary and the need for die lubrication is decreased. 
The chemical affinity possessed by other die casting 
metals for iron or steel presents handling problems. 
Magnesium can be transferred in the molten state 
through steel pipes and would appear to be more 


Fig. 13—F-80 wing panel in thick skin design, 
above, and original built-up design, below. 
Without weight penalty, simplicity and strength 
were improved and usable space increased. As- 
sembly time and costs were reduced by the 
elimination of 1132 parts and 26,700 fasteners 











readily adapted to automatic metal handling. |p 
amenability to intricate coring, magnesium die cast. 
ings rank between zinc, which is best, and aluminum, 
Required draft is greater than zinc but less than aly. 
minum. 

A further consideration in magnesium is the fact 


Fig. 14—Radar trailer containing fire-cop. 
trol system far antiaircraft artillery. Trail. 
er and much of the radar equipment 
inside are constructed of magnesium 


that it is the easiest of all structural metals to ma- 
chine. This excellent machinability of magnesium and 
its alloys permits machining operations at high speeds 
—usually the maximum obtainable on modern ma- 
chine tools. Heavier depths of cut and higher rates 
of feed than are used on other metals are possible 
when machining magnesium. As a result of these 
machiring characteristics of the metal, the power re- 
quired to remove a given amount of metal is lower 
for magnesium than for any other commonly ma- 
chined metal. 


Finishing: Although magnesium will stand up well 
under conditions of atmospheric exposure, for maxi- 
mum serviceability and appearance it is recommended 
that suitable primer and finish coats be applied over 
surfaces which have been prepared by proper chem- 
ical treatment. These treatments have been designed 
for special applications and are felt to be the best for 
those applications. 

The most recent development in the field of finish- 
ing is the electroplating process for magnesium. In 
general, the process consists of the initial deposition 
of an immersion zinc coating followed by copper strik- 
ing in a slightly modified copper cyanide bath and 
electroplating in the standard plating baths. Heavy 
copper, silver, cadmium, zinc, gold, brass, chrome, and 
other metal platings may be applied. The stability 
and protective values of various electrodeposits on 
magnesium alloys have been found to be excellent. 


Applications: One of the most interesting develop- 
ments in magnesium is the radar trailer unit of the 
ordnance department. The 21-foot trailer, Fig. 14, is 
almost all magnesium, including frame, covering and 
even the equipment inside. A radar cabinet utilizing 
a specially designed extrusion in place of welded sheet 
and angles is used in this trailer. Another use of 4 
single magnesium extrusion in place of a section built 
up from sheet and angles is the floor beam for the 
Douglas C-124. 

The largest consumer of die castings in the country 
is the automotive industry. Its increasing use o 
magnesium die castings is evidence of the recognition 
of the utility and economies of magnesium. More and 
more automotive parts are being switched to die cast 
magnesium and it is anticipated that this trend wil 
continue. 
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the IRST use of the powder metallurgy technique in viously been produced from a cast-iron slug by con- 


the production of mechanical parts dates from ventional machining methods. Although the tooling 
ntry about 1937. In that year one of the first manufactur- cost for this part was quite high, the application was 
2 ol & ers of porous bronze bearings, Moraine Products Div. a success and acted as the harbinger of the new pow- 
tion § of General Motors Corp., began production of ferrous der-metal industry. Other parts had been produced 
and & powder parts in competition with the more common earlier but none approached this gear in its sensa- 
cast § processes of casting, forging, etc. tional success and acceptance. 
will In 1938 production of automotive oil pump gears Growth of the infant industry was accelerated, of 
from iron powder was attempted. The gear had pre- course, by the advent of World War II. A number 
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of factors inherent in the process led to its more wide- 
spread adoption during this period: 


1. Availability of metal powders 

. Slight or no scrap loss 

. Low unit labor cost 

. High speed of production 

. Relatively long life of reasonably low-cost 
tools 

. Relatively little equipment required for large- 
quantity production. 


Since the war the industry has continued to grow 
for these same reasons, Fig. 15, and because of devel- 
opments since then. Cost of popular metal powders 
has increased little relative to base metal cost while 
strip and rod costs have increased substantially over 
the last few years. 

Perhaps the greatest overall reason for increasing 
acceptance of powder metal parts—or sinterings as 
they might better be termed— is the expanding knowl- 
edge of successful applications. Growing use of sin- 
terings has been occurring in such industries as the 
roller chain, business machines, hardware, automo- 
tive, clock, etc. 

But the course of expansion of the industry has 
paralleled the path of other new industries—failures 
have been experienced. Often, the failure has not 
lain with the process but rather in the understanding 
of it. It is basically simple: mixing of metal powders, 
forming of a compact at high pressure, and sintering 
at high temperature. But because of its deceptive 
simplicity, the full potentials of the process often are 
not perceived or realized in the first attempt. Some 
of the most striking applications of sintering, in terms 
of reduced costs and improved performance, were de- 
veloped out of a succession of failures. Growing 
knowledge coupled with persistence is paying divi- 
dends. 

Perhaps the designer not familiar with sinter- 
ings might well ask, “Why use powder-metal parts?" 


The answer relates to three primary factors in de. 
sign: the function of the part, the material from 
which it is to be made, and the process by which it 
will be made. Sinterings offer a great range of func. 
tional attributes, a wide variety of possible materials. 
and an inherently versatile production process for 
which design rules are being rather definitely formu- 
lated. In appraisal of new designs or redesigns the 
relative features of different materials and processes 
must be astutely compared if required performance 
is to be met at lowest cost. This article presents a 
brief report of recent developments in the powder 
metallurgy field to aid such study. 


Materials: Variety, quality and uniformity of metal 
powders have all been improved in recent years— 
both in ferrous and nonferrous type. For example, 
ferrous alloy powders are now available for econom- 
ical production of parts that previously required dif- 
ficult alloying of separate elements in the sintering 
operation. Stainless steel and nickel-steel parts can 
now be easily produced. 

Improvements in physical properties of ferrous 
parts have been particularly noteworthy. At an 
earlier day, tensile strength of only 20,000 to 25,000 
psi and little ductility were common for steel sinter- 
ings. Today, with no speical techniques tensile 
strength ranging from 50.000 to 75,000 psi is common 
and ductility is satisfactory. 

With special techniques, such as using a repressing 
and resintering or by impregnating the porous steel 
structure with copper or other low melting point 
metals, tensile strengths of more than 100,000 psi are 
being consistently maintained. These special tech- 
niques are usually too expensive for normal use, but 
have been found economically feasible for special 
high-stress applications such as jet engine compressor 
blades. 

Sinterings once were criticized for poor tensile 
fatigue properties, but today the performance of sin- 








(tons) 


Annual Consumption 





Fig. 15—Curve showing ap- 
proximate annual consump- 
tion of iron powder, par- 
alleling the growth of the 
metal powder industry since 
World War Il 
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yred compressor blades, and sintered bushings in 
oller chain are just two proofs to the contrary. 
(hain bushing sinterings processed in the usual way 
proach solid steel in fatigue life. Acting as con- 
sectors between link plates and subjected to high in- 
rmittent stress, they show long life because of a 
smooth surface free of stress raisers such as scratches 
and machining marks. 

Hardening of steel sinterings has often presented a 
problem because of susceptibility to decarburization. 
The salt bath technique for avoiding this difficulty is 
not usually successful with sinterings because the 
alts penetrate the porous structure. Hardening is 
best accomplished in a carbon potential controlled at- 
mosphere furnace equipped for direct quenching in oil 
fom the atmosphere. With correct hardening, uni- 
frm hardness of 45 Rockwell C and higher can 
easily be obtained. It should be emphasized that this 
value does not indicate the particle hardness or wear 
hardness. It is quite possible that with a hardness 
of 45 Rockwell C the part may be file hard and have a 
particle hardness of 60C, which is the hardness that 
influences wear resistance. 

Compressibility of steel sinterings and their hard- 
ness, smooth surface, and oil retention are leading to 
many new applications requiring wear resistance. 
Solid steel of 60 Rockwell C does not conform as 
radily to a mating part and thus distribute the load 
wer greater area as does a sintered part of 60C 
jarticle hardness. This same factor also applies for 
whardened parts. In fact, often an unhardened sin- 
tering wil] outwear hardened steel, because of its con- 
formability, smooth surface, and oil-retaining self- 
lubricating features. This is particularly true of 


gears. Another factor is that sinterings do not have 
athin disturbed metal surface layer such as is present 


on most machined or ground parts. This surface 
layer is subject to galling or scoring and is not as 
wear resistant as the parent metal. 

Machinability has always been a problem with steel 
sinterings but it is being constantly improved as 
greater knowledge is obtained. Sinterings are being 
produced today with good machinability but since 
they are neither steel nor cast iron, conventional] prac- 
tices must be revised to suit the individual charac- 
teristics of the sintered part. Normally, the average 
part can be machined better if the density is not too 
high and the part is well sintered. 

Nonferrous alloy powders are also being extensive- 
ly used. Those containing zinc, such as brass, nickel 
silver, etc., are finding large-volume use for hard- 
ware and military fuse parts particularly. Sintering 
of parts containing zinc is difficult because of zinc’s 
low vaporization temperature which is less than the 
required sintering temperature of 1500 F to 1700 F. 
However, producers have developed various tech- 
niques for overcoming this problem and are produc- 
ing uniformly strong parts. 

Nickel silver (64 per cent copper, 18 zinc, 8 nickel) 
has found several new uses because it is a relatively 
low-cost corrosion-resistant meta] that looks like 
silver and can be polished to an excellent finish. Alu- 
minum bronze has been investigated and promises to 
find many applications for a hard nonferrous material. 

Pure aluminum and some aluminum alloys have 
been produced and show considerable promise. The 
real problem with these materials is their great af- 
finity for the tools in which they are pressed and the 
resulting galling. New methods of lubrication to pre- 
vent this galling have been developed and are prov- 
ing successful to some extent. An interesting feature 
of sintered aluminum is that its density can be 100 





Fig. 16 — Large Harper continuous sintering furnace. 
Such installations are giving improved control of the 
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critical sintering operation as well as speeding production 


147 


POWDER METALS @ 















©) POWDER METALS 


per cent because of the extreme malleability of the 
powder. Solid metal density results with pressures 
of 40 to 50 tons per square inch and physical proper- 
ties are commensurately high. 

With normal brasses and bronzes, tensile strength 
of 20,000 to 45,000 psi can now be realized according 
to alloy and density. Ductility is good, with elonga- 
tions ranging as high as 20 or 30 per cent for some 
materials. 


Finishing: Application of finishes to sinterings is 
often troublesome because of their inherent porosity. 
That is, electrolytes and cleaners used in plating op- 
erations impregnate the structure and cause internal 


Fig. 17—Modern briquetting press for forming 
compacts at high rate of speed. Equipped 
with hydraulic overload release, this double- 
action Stokes press has a 25-ton capacity 








chemical action which continues indefinitely. To over. 
come this difficulty, a number of special techniques 
have been developed for successfully plating both 
ferrous and nonferrous parts with coatings of the 
usual protective or decorative metals. 

Steel parts have been blackened by dip methods 
and by steam treatment. Also, with some special care 
they are being porcelain enameled, dip and spray 
painted, galvanized, and tinned. 


Methods and Equipment: Production techniques 
have continued to improve as the industry has grown 
in recent years. One example relates to the produc. 
tion of gears. Accurate gear tools with 10 times the 
life and lower cost than 12 years ago can now be ob- 
tained because of developments in an allied powder 
metallurgy field—sintered carbides. Carbide shapes 
hot pressed in graphite form dies become the die 
liners for actual gear pressing after very little finish- 
ing work. 

Specialized equipment developed for the industry is 
coming into use, with resulting increased rate and 
uniformity of production. Parts up to 100 pounds 
can be made. Continuous furnaces as long as 100 
feet are being used to decrease the cost of sintering. 
A large continuous installation is shown in Fig. 16. 
Similarly, briquetting presses, Fig. 17, for forming 
compacts at high rates of speed have been developed 
for the industry. 


Design: Tolerances possible without specia] tech- 
niques are gradually narrowing. Some parts are be- 
ing produced with 0.001 to 0.002-inch per inch cross- 
sectional variation and 0.002 to 0.005-inch per inch 
axially. An eccentricity limit of 0.001-inch full indi- 
cator reading is being maintained on other parts by 
special setups. 

Quality and producibility of sinterings are affected 
by innate characteristics of the process and the de- 
gree to which they are recognized in design. For 
example, physical properties of the final part are gov- 
erned by the density of the part. Pressures ranging 
from 40,000 to 150,000 psi are commonly employed. 
But since powders tend to follow the rules of solid 
flow rather than fluid flow, even extremely high pres 
sures will not assure high density if the design does 
not allow for such flow characteristics. 

It is being increasingly found that greater advat- 
tage can be realized with the process if efforts are 
made toward simplicity of shape in the finished part. 
Inspection, tool maintenance and other factors are 
correspondingly minimized. 

Although die design and construction have a¢ 
vanced in recent years, certain fundamental principles ff 
remain unaltered. Part design calling for split dies @ 
should be revised if at all possible. Split dies ar 
difficult or impossible to operate because of the high 
pressure involved, and the infiltration and compres 
sion of powders between the die segments. 


The feeling among those familia! 


The Future: 
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yith the current status of the powder metallurgy in- 
justry is that the surface is barely scratched. Ex- 
yrimental work is being done on many large-volume 
jarts such as piston rings, commutator segments and 
refrigeration compressor elements. Processes such as 
the direct production of thin sheet and strip from 
powdered ore products are developing and hold out 
intriguing possibilities in design. 

Perhaps one of most significant aspects for future 
penefits is the character of the process permitting the 
production of many new combinations of alloys and 
materials. Powder techniques can combine metals 
and nonmetals, easily produce alloys that are difficult 
or impossible to cast, and combine liquids and metals. 


over- 
Liques 
both 
f the 


thods 
| care 
spray 


liques 
rrown 
‘oduc- 
‘S the 
e Ob- 
ywder 
hapes 
e die 
inish- 


try is 
> and 
ounds 
s 100 
ering. 


y. 16. John Delmonte 


In general, all physical properties of various metal 
sinterings will increase as more and more experi- 
mental work is done. It is well within the realm of 
the probable that tensile strengths in hardened steel 
sinterings will reach 200,000 psi on a production basis 
before long. 

Lower costs can be expected as greater knowledge 
leads to better and faster presses and furnaces and 
decreased need for secondary operations. Tolerances 
on parts as taken from the sintering furnace will con- 
tinue to close in as increased work is done on the 
exact control of the powders and the sintering opera- 
tion. The upper limit on size of parts will increase 
as a natural evolutionary process. 
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EW types of plastic materials and new manu- 
facturing techniques have been combined in 
recent years to enable designers to exercise greater 
latitude in material selection. Parts of larger size, 
higher impact strength, greater heat resistance or 
ther qualities measuring up to higher engineering 
requirements feature these trends. Gains registered 
y plastics appear from many directions. In this 
liscussion, a brief survey is made of some of the more 
s are@™Pressive materials and techniques. 
part. Several basically new plastic materials have ap- 
; are@*ared on the horizon in recent years. Among these 
tre the silicones, alkyds, nylon, fluorinated polymers, 
, ad- fF" epoxy resins. Although some of these, such as 
ciples f° Silicones, nylon and the alkyds, have been avail- 
- dies tble for a number of years, they are being increasing- 
s arf adopted by designers with noteworthy results. 
high Silicones as coatings, as both lubricants and rub- 
pres etlike compounds for high and low temperatures, 
tnd as high-temperature insulation have been unique 
i the engineering field. Mineral-filled alkyds, capable 
niliar bf molding cycles of less than 30 seconds, are serving 
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the mass production of electrical and mechanical com- 
ponents. Heat resistance, arc resistance, and low 
electrical loss at high frequency have engendered 
significant engineering applications. Nylon’s applica- 
tion to gears, bearings, and other mechanical com- 
ponents continues to grow in jmportance and volume. 
Toughness, resiliency, and low coefficient of friction 
are responsible for many of nylon’s growing engineer- 
ing uses. 


Fluorinated Polymers: Probably the newest of the 
plastics to attract design interest is the group of 
fluorinated polymers known as Teflon (tetrafluor- 
ethylene) and Kel-F (trifluorochloroethylene). Pos- 
sessing exceptional heat resistance and outstanding 
chemical resistance, the fluorinated polymers open an 
entirely new phase of the plastics industry. The fluor- 
inated polymer, with the carbon to carbon linkages 
assiduously protected by fluorine atoms, is strictly 
a thermoplastic material, though a _ thermoplastic 
which will withstand operating temperatures higher 
than most thermosetting compounds. 













For parts requiring a relatively high degree of 
flexibility or resiliency at higher than usual safe tem- 
peratures for plastics, there were no acceptable ma- 
terials until the advent of the silicones and the more 
recent fluorinated polymers. Toughness of the fluor- 
inated derivatives has made them popular in the de- 
sign of packings and O-rings where operation up to 
500 F may be encountered. Bearings of fluorinated 
polymers, which possess low coefficients of friction, 
are also being increasingly applied. 

The outstanding chemica] resistance of fluorinated 
polymers influences their selection in certain special- 
ized directions: for example, in the metering and 
the control of chemicals such as fuming nitric acid 
used in some liquid propellant type of rockets. Re- 
silient materials for sealing and control purposes in 
such applications are limited to the fluorinated poly- 
mers which are chemically inert to all concentrations 
of acids, including hot aqua regia. 

An important consideration in dealing with the 
fluorinated polymers is the physical shape of the ma- 
terial. There are several, including films of various 
thicknesses, granules for molding and sintering pur- 
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Table 3—Properties of Fluorinated 
Polymers 





Tetrafluoro- Monochlorotri- 
Property ethylene fluoroethylene 
(Teflon) (Kel-F) 





GCtreee GUOWE sccaccscccee Se 2.1 
Tensile strength (psi) ...... 1800 5700 
Modulus of elasticity (psi) .. 58,000 190,000 
Elongation (per cent) ...... 110 28 
Heat resistance 

(Continuous F) woes Gee 390 
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poses, rods for machining and aqueous suspensoids 
for coating. 

The most widely used form is the film which may 
be die cut into various gaskets or employed for high 
temperature insulation of coils. Molding is conducted 
with greater difficulty, and a sintering operation is 
generally necessary to achieve complete fusion of 
Teflon products. Greater ease of molding is ex- 
perienced with Kel-F which does not possess quite as 
high a temperature resistance as the completely 
fluorinated polymer. Fig. 18 shows typical molded 
and machined members of the fluorinated polymers. 
Other applications are developing about coated glass 
fabrics and tapes. 

The suspensoids offer one method for applying coat- 
ings of fluorinated polymers. Because the water phase 
must be evaporated, only a thin coating may be ap- 
plied at a time and then fused at high temperature 
before the next layer is applied—a long and costly 
process. Sheets of steel have been Teflon coated in 
this fashion but their cost has been prohibitive. The 
basic fluorinated plastics themselves are expensive, 
averaging $10 to $15 per pound. However, because 
of the unique qualities offered by these materials, 
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this price is proving to be no deterrent in critical ap. 
plications. Typical properties of the fluorinated poly. 
mers are listed in TABLE 3. 


Epoxy Resins: Still a relatively new name to most 
designers, the epoxy resins are now manufactured by 
several major suppliers in this country. The resins 
are well known in some fields for their outstanding 
adhesive properties. Manufacturers of brake linings 
and clutch facings have found them well adapted to 
the replacement of riveted assemblies. Of course, 
other compounds such as phenolic-rubbers and phe- 
nolic-vinyls also offer good bonding qualities. However, 
the epoxy resins alone bond to metal at low temper- 
atures. This favorable quality is leading to their 
growing use for bonding assemblies. Epoxy ad- 
hesives are also effective in bonding widely different 
materials to one another. For example, in Fig. 19 is 
illustrated a tension compensating device in which 
sapphire parts are bonded to metal. 

Casting and potting of epoxy resins are on the up- 
swing. Although the potentialities of these highly use- 
ful materials are not fully recognized as yet, they have 
made many successful entries into industrial applica- 
tions. Cast epoxy resins are now available in a range 
of physical properties—from hard rigid grades to 
soft resilient types. 


Rubber Phenolics: General rigidness and shock re- 
sistance of plastic components are being improved 
by the use of combination materials. This trend, 


Fig. 18—Molded and machined fluorinated poly- 
mer parts. Photo, courtesy W. Shamban and Co. 
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ad wiginated long ago in the paper and fabric reinforced 
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jaminated phenolics, has taken diverse forms. 

The mainstay of compression-molded plastics, the 
most phenolics, has been jmproved in impact strength by 
ed by mother variation of this technique. Blends of rub- 
mer and phenolics have been developed with shock 
nding resistant qualities much superior to the basic resin 
nings aone. Designs calling for maximum toughness can 
ed to usually sacrifice some tensile strength in return for 
the greater resilience resulting with an also lower 


resins 


ourse, 
phe. @ modulus of elasticity. 
yever, 1 
mper- High-Impact Polystyrene: Another materia] offering 


their @ improved impact strength is polystyrene. For many 
. aq. years polystyrene has offered good moldability, coupled 
erent With qualities that have made it attractive for many 
19 is @ ™288-produced consumer articles. Its outstanding elec- 
vhich @ tical properties and low moisture absorption have mo- 
tivated important engineering applications, particularly 
on electrical equipment. However, the lack of ad- 


fe equate heat resistance and mechanical strength- 
have q Particularly in impact — have deterred its more 
olica- § “'despread adoption. Recent developments in modified 
range @ tyrenes, referred to as high impact polystyrene, 
25 tog sive promise of opening new applications for this 


versatile plastic. Slightly higher cost and not as high 
a gloss may be considerations in appraising high- 
k re-§ impact polystyrene for engineering use. 
roved 
rend, 





Other Rubber Plastics: Styrene-butadiene copo- 
lymers have been identified in the synthetic rubbers 
since the start of World War II. However, the major 
component in this instance has been butadiene and 
the end products have been rubber like. In planning 
improved impact qualities, research workers have been 
cognizant of the fact that in sacrificing tensile 
strength for greater elongation—that is to say, work- 
ing towards more rubberlike characteristics—higher 
impact strength is realized. It is not unexpected then 






poly: 
1 Co. 












fig. 19 — Tension compensator manufactured by 
Walter Kidde Co. with two sapphire parts bonded 
to metal with epoxy adhesive. Photo, courtesy Ciba Co. 





to find that high styrene-butadiene copolymers, with 
styrene as the major component, have been incor- 
porated in certain tough molding compositions of 
particular interest to machine designers. In general, 
these compounds, available from various producers 
in different grades, are identified as “mixtures of 
resins and rubbers,” and usually contain some buta- 
diene-styrene and acrylonitrile polymer. 

These materials are available both as molding com- 
pounds and in various other forms. For example, 
one type can be obtained in various colored sheets 
with flat or textured surface. Sheets can be drawn 
and formed into quite complicated shapes. One well 
known component is the framing plate for television 
lens. Another compound prepared from the addition 
of small amounts of synthetic rubber to high styrene 
copolymer resins can be compression molded for parts 
requiring impact and water resistance. 


Resins with Glass Fiber: Materials and techniques 
of low-pressure, reinforced plastics molding have 
been brought to the fore in recent years by the use 
of polyester resins with glass fibers for structural 
units ranging from one-piece boat hulls or automobile 
body assemblies to small electrical insulating units. 

The design of machines has already been influenced 
in many ways by polyester resins and glass fiber. 
One major manufacturer of washing machines has 
designed and successfully produced the important 
structural components in glass-reinforced plastic. 
Others specialize in molding resin and glass fiber com- 
binations into numerous mechanical and electrical 
components. For example, a new polyester-glass fiber 
molding compound is finding its way into adding ma- 
chine housings, camera housings, and pump rotors. In 
general, materials of this description can be molded 


Fig. 20—Parts molded from resins combined 
with glass fiber (sample shown upper center). 
Photo courtesy Flex Firm Products Co. 
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at 4, to % of conventional molding pressure. 

In one sense, glass fiber-reinforced resins open 
latent design possibilities by making possible large 
structural components at lower tool cost than re- 
quired by conventional molding methods. On the 
other hand, resin-glass combinations are proposed 
as substitutes for other high-impact molding com- 
pounds, where chemical inertness, superior impact 
resistance of glass fibers, or lower molding pressures 
may be utilized to advantage. Fig. 20 shows an assort- 
ment of typical small glass-fiber reinforced compo- 
nents. 


Potting: The term “potting” is heard more fre- 
quently in connection with electrical components, 
although there are features present with which ma- 
chine designers should become familiar. In the pot- 
ting of electrical assemblies, the grouping of insula- 
tors, vacuum tubes, condensers, resistors, coils, etc., 
are completely imbedded in a liquid plastic, which 
hardens on cooling or by chemical processes. Three 
important advantages accrue: Impact qualities of the 
integrated assembly are enhanced, moisture protec- 
tion is assured, and the heat dissipation features are 
improved. 


Epoxy resins, polyesters, furanes, and vinyl resins 
* 


have been utilized in potting components and would 
serve adequately in the protection of mechanical or 
electrical components. The complete encasement of 
small units in a solid plastic is fraught with numer. 
ous problems, although considerable experience in 
this direction has been accumulated in the electronics 
industry. Shrinkage and difference in thermal ex- 
pansion must be considered carefully. 


Vinyl Foam: Designers accustomed to thinking in 
terms of natural or synthetic rubber foam will now 
find a new plastic foam comparable in texture. The 
new material, prepared from vinyl plastisols, pos- 
sesses superior flame resistance, chemical resistance, 
and ease of fabrication. The foam is formed with 
the aid of gas pressure and may be utilized to fill 
molds to produce rubberlike products. Oils or greases 
which may adversely affect rubber compounds do 
not affect the vinyl foam. 


Future: An intriguing aspect of the plastics in- 
dustry is its ability to create new materials of con- 
struction out of seemingly impotent chemicals. There 
is no telling in what guise they will appear next, but 
the designer keeping informed of their qualities will 
detail significant engineering applications. 


John R. Willard 





Mgr., Sales Development Div., 
Alcoa, reports on a few of the factors 


that have recently influenced 
aluminum’s growing stature 

in the mechanical product field. His 
26 years of activity in the 

industry has included development 
work on innumerable products 

in the equipment, consumer 

goods, and military fields. 








WO fundamental reasons account for aluminum’s 

increasing importance to design engineers. First, 
aluminum is gaining an attractive price advantage in 
many instances. Secondly, new equipment and new 
processes for the manufacture of aluminum have 
opened up many new uses and in many cases reduced 
intermediate fabrication costs. 

Aluminum sells today for 5 per cent less than it did 
in 1939. Copper is up 118 per cent; pig iron is up 
147 per cent. The price of lead has nearly doubled 
and the price of zinc has come close to being tripled. 
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Of importance also are the new equipment and proc: 
esses which have loomed into the design picture dur 
ing the past year. They run the industrial gamut: 
forging, extrusion (hydraulic and impact), casting 
(sand, permanent mold, plaster, and die), rolling, 
joining, finishes. 


New Equipment: Two pieces of equipment are 5° 
new that it is stil] difficult to evaluate accurately 
their significance. At Alcoa’s Lafayette (Ind.) Works 
a giant 13,200-ton extrusion press is being installed 
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to produce extruded shapes in previously unheard of 
sizes. In order to straighten these “king-size” extru- 
sions a new stretcher with a pulling force of 3,000,000 
pounds is required. With the new extrusion press 
Lafayette will be able to nearly quadruple the weight 
of its extrusions from 600 pounds per piece to 2300 
pounds. While maximum length of extrusions re- 
mains at 90 feet, the sizes which can be produced in 
that length increase from 6.7 pounds per foot of 
length to 25.5 pounds, or from 5.6 square inches in 
cross sectional area to 21.3 square inches. Maximum 
dreumscribing circle diameter for shapes may in- 
crease from the present 14 inches to 23 inches. 

In terms of products the new press means wider, 
lighter, more intricate shapes for such things as 
ribbed airplane wing panels, truck panels and floors, 
sections for thin-wall building construction, 20-inch 
pipe where the previous outside diameter limit was 12 
inches. These potential products will be the result of 
the press being 24% times as powerful as any extru- 
sion press now in operation in the country. 

Another new piece of equipment, now actually in 
operation at Alcoa’s Cleveland Works, is a 15,000-ton 
forge press valued with auxiliaries at $6,200,000. The 
press, Fig. 21, is particularly well adapted to the pro- 
duction of forgings made from aluminum-base alloys 
with a high magnesium content and magnesium base 
alloys because these alloys must be formed with the 
slow, heavy pressure obtainable only with hydraulic 
presses. In some instances the press dies, made by a 
huge double-headed die-sinking machine especially in- 
stalled for the job, will weigh up to 25 tons. Since 
the dies are subjected only to forming and flow pres- 
sures their life will be increased 100 to 600 per cent. 
The new press is part of a $13,200,000 expansion pro- 
gram to enlarge Alcoa’s 35-year old Cleveland Forge 
Plant, already the largest aluminum forging opera- 
tion in the nation. Simultaneously, Alcoa has been 
producing individual experimental ingots weighing up- 
ward of 10,000 pounds each, and methods of control 
of metal quality have been improved, including the 
adoption of the rapid vacuum test for measuring gas 
porosity. 


New Processes: Paralleling the dynamic expansion 
of the industry and the installation of new equipment 
by Alcoa has been the work of engineers who have 
modified old processes and developed new ones. 

Last year one of the outstanding impact extrusion 
developments was the cold working of high-strength 
alloys to make such parts as landing gear strut sup- 
ports. This process not only saved considerable metal 
but also worked added strength qualities into the 
product. During the same period of time closer tol- 
frances were achieved in impact extrusions. Former- 
ly plus or minus 1/32-irch was considered extremely 
800d. Today coining tolerances of plus or minus 
0.005-inch on particular applications are being main- 
tained. In addition to these developments, the ratio 
of length to diameter in impact extrusions has been 
extended from 7 to 1 to 16 to 1. 

At the moment, a new brazing process has made 
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Fig. 21—-New 15,000-metric-ton forging press 
recently placed in operation by Alcoa. Pre- 
heated aluminum or magnesium stock is inserted 
in the press by a large mechanical manipulator 


aluminum cylinder blocks, heads and crankcases some 
of the most attractive actual and potential applica- 
tions of aluminum in the automotive market. The 
trick of the new brazing process lies in a sandwich 
type of construction in which three or four sections 
are cast separately and then piled on top of each 
other with a thin brazing sheet between them, Figs. 
22 and 23. When put into a high-temperature furnace, 
the brazing sheet melts at a lower temperature than 
the separate pieces and results in a final one-piece 
cylinder head or block. The process looks good be- 
cause it eliminates much core work and machining. 
As one result, the use of aluminum in cylinder heads 
is expected to quadruple to 23,400,000 pounds by 
1954. Cylinder blocks, which weren’t made of alumi- 
num in 1950, are expected to consume about 19,500,- 
000 pounds. 

Recently Alcoa started to produce large quantities 
of pressed structural channels for cross-member floor 
support in truck trailers. The advantage of the 
channel pressed from sheet or plate over a rolled or 
extruded product is that the depth of each individual 
member may vary. If the total stress is greatest in 
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the center, the member can be made deeper in the 
center than at the ends and thereby save weight and 
money. 

New finishes, too, have been developed for many 
uses, and Alcoa is now prepared to produce Alumilite 
hard coatings with exceptional resistance to wear and 
abrasion. These Alumilite coatings are in a thickness 
range of 0.001 to 0.002-inch and may be applied to 
both wrought and cast aluminum alloys. The new 
wear-resistant Alumilite finish is being evaluated for 
gun blast tubes, gears and impellers and similar ap- 
plications where resistance to abrasion is required in 
combination with light weight. 

Joining problems have been under intense develop- 
ment work for a number of years and, as already in- 
dicated in the brazed cylinder block, the results of 
this work have been paying off. Just recently Alcoa 
modified a German technique for welding small diam- 
eter aluminum wire so that simple equipment operated 
by batteries can now be used for making small wire 
connections. There has also been a marked trend 
away from the use of steel rivets in aluminum alloys 
construction in a wide variety of applications. A 
notable example is the transatlantic superliner, S. S. 
United States, in which are used aluminum alloy rivets 
in sizes ranging from *% to %4-inch. All of these 
rivets were driven cold. The rivets were heat-treated, 
quenched and refrigerated, thus arresting the age- 


hardening process and keeping the rivets soft until 
driven. Once driven, the rivets hardened in place to 
permit development of full shear strength. 


New Products: One of Alcoa's latest developments 
has been the production of a new brazing sheet which 
should find use in automotive radiator work and 
which, upon investigation, may prove a boon to many 
other applications of aluminum. 

The new product, called No. XA30 Brazing Sheet, 
has a core metal of 3S alloy. One side of the core 
metal is clad with C43S brazing alloy to assure good 
joints, and the other side has an alclad coating which 
offers electrolytic protection against the corrosive ac- 
tion of water which is used in certain areas of th 
country in radiators. The importance of the new de- 
velopment is pointed up by the current and predicted 
long-range shortage of copper which is consumed at 
about the rate of 20 to 25 pounds per standard pas- 
senger car radiator. 

Alcoa Utilitube is another product which was mar- 
keted for the first time last year. A general purpose 
tube of Alcoa alloy B50S-O, the new tubing is suit- 
able for use in oil, gasoline and lubricating lines to 
engines; fuel lines to heaters; and air, hydraulic and 
vacuum lines to brakes and instruments. It will also 
handle kerosene, cutting compounds and most refrig- 


erants. Flaring and forming characteristics of the 
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bing are good. The new tubing comes in coils up 
0 1000 feet in length and in sizes between '% and 34- 
inch. The price is substantially less per foot than 
the price of copper. 

ents A rew alumin'm alloy, temporarily designated 
hich @SA78S, has resulted from several years’ co-operation 
ietween Alcoa, the Navy Department Bureau of Aero- 
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nautics, the U. S. Air Force and the aircraft industry. 
The new alloy is stronger than any alloy previously 
made available. It is 10 per cent higher in tensile 
and yield strengths than alloy 7&S but has about the 
same elongation and fatigue properties. So far, use 
of XA78S has been confined to production of extru- 
sions, sheet and plate, both bare and alclad. 
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THIS age of specialization, the design engineer 
might be likened to a general practitioner in the 
field of medicine—he must know something about a 
great many things. Not the least of the designer’s 
problems is: What should it be made of? Of course, 
m problems beyond his normal experience he can 
msult tables of strength, weight, electrical conduc- 
vity, frictional properties, etc. When it comes to 
Wrrosion resistance, however, the problem of mate- 
Selection becomes more complicated. The ex- 
ected conditions of exposure, the desired appearance 
ithe part, its life expectancy—all these and more— 
re tightly bound up with method of manufacture, 
mst of materials, and the availability of specific 
etals. 

This discussion will deal with the basic philosophy 
M corrosion and its prevention, outline some of the 
trent practices, and suggest future steps which 
‘ither appear desirable or are mandatory in the face 
bf the shortages of many metals. 
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What Is Corrosion? Corrosion, in the broadest 
‘ise, is simply the undesirable reversion of a metal 
rom its metallic state to its chemically combined or 
Wdized state. Practically all metals have a definite 
“dency to react with water, oxygen, or other sub- 
“ices to form metallic oxides or salts. The excep- 
“a8 are the noble metals such as gold and platinum. 
Rather than ask, then, “What causes corrosion?” 
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to the knowledge of this destructive 
phenomenon and its circumvention. 











it is much more pertinent to ask, “What prevents 
corrosion, in the face of the reactivity of metals?” 
The answer is that a great many metals and alloys 
form corrosion products which are thin, adherent, 
chemically inert, and in many cases transparent. This 
self-protecting behavior is quite dependent on the en- 
vironment to which the metal is exposed. When it 
occurs, however, the metal behaves as though it were 
noble. Surprisingly, this phenomenon is character- 
istic of many of the most reactive metals and alloys 
—aluminum, chromium, nickel, titanium, zirconium, 
stainless steel, monel—and to a lesser extent of cop- 
per, silver, magnesium, lead, brass, and bronze. 

When it is possible to use a metal having this prop- 
erty of inherent corrosion resistance—taking into ac- 
count cost, strength, and all other determining fac- 
tors—one need not worry about corrosion. All that 
is required is that the metal be exposed only to cor- 
rosion media in which its protective layer of corro- 
sion product will not be destroyed. 

Unfortunately, several of our most readily avail- 
able metals do not possess the property just described. 
Instead of thin, adherent, inert corrosion products, 
they form bulky, nonadherent, unsightly products 
which offer little or no protection against continued 
attack. Ironically, the metal most responsible for our 
present industrialized civilization is the most sadly 
lacking of all in its natural resistance to corrosion. 
Iron and steel, in even the mildest environments, suf- 
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fer rusting and flaking which make their use impos- 
sible without artificial protective measures. 

Far less widely used in terms of tonnage, but none 
the less significant in terms of low cost and ease of 
fabrication, are the zinc-base die-casting alloys. They 
too suffer serious corrosion in any but the mildest 
exposure, making artificial protection imperative. 


Corrosion Prevention Principles: The methods of 
preventing corrosion in metallic structures can be 
classified according to several distinct basic principles, 
as follows: 

1. Jsolation of the metal from the corrosion me- 
dium. This is by far the commonest device employed, 
and includes (a) the use of inherently self-protecting 
metals; (b) the use of relatively thin coatings of a 
corrosion-resistant metal (frequently applied by elec- 
troplating); and (c) the application of inorganic or 
organic protective coatings. 

The inorganic coatings are exemplified by the 
anodizing of aluminum, Fig. 24, the Bonderizing of 
steel, and the newly announced HAE process for mag- 
nesium. The organic coatings include a vast number 
of lacquers, paints, plastics, and similar products 
which are too numerous and complex to include in 
this discussion; they will be called “paints” for sim- 
plicity. 

2. Sacrificial protection by a metallic coating. This 
technique is used principally where appearance is 
secondary to protection of the base metal. Since 
many millions of tons of steel are protected in this 
way, however, its importance should be recognized. 
The inside surface of the ordinary tin can depends on 
the sacrificial attack of tin by food products to pro- 
tect the thin steel body from perforation. Galvanized 


ee 


pipe, fence wire, outdoor electrical hardware, ang 
many similar items make use of the greater reactivity 
of zine to prevent rusting of iron and steel. 

3. Modification of the corrosive environment, 
Under this heading are lumped the use of corrosion 
inhibitors, cathodic protection, and all the other de. 
vices used by corrosion engineers to lessen the po- 
tency of the corrosion medium itself. Since these 
techniques truly belong to a specialized field, the de. 
signer can hardly be expected to specify their use ex. 
cept with the close co-operation of the corrosion en- 
gineer. Therefore, no attempt will be made to ex. 
pand on this phase of corrosion prevention. 


Evaluation of Preventive Measures: From the 
foregoing outline, it is apparent that the designer is 
concerned primarily with the first item, the corrosion- 
preventive techniques which isolate the metal in ques. 
tion from the environment in which it must serve. 
Briefly the advantages and disadvantages of each of 
these basic approaches can be compared. 

Self protection. Manufacture of a machine or 
structure from a metal which has inherent corrosion 
resistance is undoubtedly the most satisfactory prac- 
tice when viewed solely from a corrosion-preventive 
angle. Damage to the surface by abrasion or han- 
dling does not usually cause acceleration of corrosion. 
The freshly exposed metal immediately forms a new 
corrosion-product film, which protects against further 
attack. 1 

Unfortunately, most of the metals which have excel- 
lent self-protecting qualities are costly, scarce, or 
lacking in desirable physical properties. The stain- 
less steels, the nickel alloys, copper and its alloys, 
chromium, and many of the less plentiful metals such 





Fig. 24—Refrigerator 
shelf of anodized al- 
uminum, an example 
of an inorganic pro- 
tective coating. Photo, 
courtesy General Elec- 

tric Co. and Alcoa 
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tantalum, zirconium, gold, silver, platinum, molyb- Artificial protection by metallic coatings and paints. 















































= jnum, and tungsten, are far too scarce or costly to By far the largest proportion of our metallic ma- 
‘ @iwstify their use for any but the most demanding chines and structures are iron or steel. The discus- 
ent. enditions of exposure. It is neither economical nor sion of artificial protection by various means will 
sion to use these metals when others will function therefore be directed primarily to these materials, 
- de. iy mally well. with the understanding that die-cast metals and other 
Do- On the other side of the ledger are several self- readily corroded alloys demand similar protection. 
ene protecting metals which are relatively plentiful and Perhaps the most common practice in protective 
> pomise wide utility as their technology continues to metallic finishing of steel is the familiar copper- 
pn aivance. The most important of these is, of course, nickel-chromium system. After suitable buffing, 
= duminum. Its combination of physical properties cleaning, and pickling, the steel article is electro- 
= ad corrosion resistance has already given it almost plated with relatively heavy layers of copper and 
exclusive use in the aircraft industry. It is to be ex- nickel, then flashed with a few millionths of an inch 
yected that, as the cost differential between aluminum of chromium. 
the ma (protected) steel continues to diminish, alumi- Although this technique was fairly satisfactory in 
rig will see ever-increasing use, Fig. 25. past years, the cost and shortage of both nickel and 
ion: 4 second metal, which is available in unlimited copper have forced a gradual lowering of the thick- 
ues. fy Wantities, is magnesium. Although its self-protect- ness of nickel and copper to a point where the protec- 
rve. ing properties are not nearly as satisfactory as those tion derived from such coatings is often far from 
ba of aluminum, there are many applications where the ideal. Probably the largest single field in which cop- 
avironment is so mild that magnesium can be used per-nickel-chromium finishes are used is the automo- 
or tithout further protection. The HAE process for tive industry. Everyone is familar with the rapid 
sien poducing a tightly adherent and truly protective failure of door-handles, bumpers, and trim used on 
a. wating on magnesium promises to give magnesium a modern cars. 
tins temendous boost in general utility. It is this field of artificial protection which appears 
nam, To delve for a moment into future possibilities— most in need of some basic changes—both from the 
ion, qm’ Of the most widely hailed new developments is design standpoint and from the consumer-demand 
on the Cinderella metal, titanium. While it is difficult point of view. When looked at strictly from the cor- 
ther predict the time which will be required for its rosion-prevention and metal-conservation angle, pres- 
arge-scale, low-cost production, it can be safely stated ent practice is doomed. Every reduction in plating 
~ that it will be a high tonnage contribution to the in- thickness which is made (to save metal) results in 
or terently corrosion-resistant class of metals. It is a further lowering of the corrosion protection 
ain-gctically unaffected by exposure to all atmospheric achieved—which is, after all, the primary objective. 
om. wnditions—even salt water exposure causes negli- True, other metals and alloys can be used in coat- 
aah sible corrosion on titanium. ing form to protect the base metal. Heavy pore-free 
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fig. 25—Bus showing 
luminum application 
in the front bumper as 
well as in body panels. 
ofrosion resistance is 
omMbined with 
Mrength «and light 
“eight. Photo, cour- 
tesy Alcoa 


Tell ere res 











@ CORROSION-RESISTANT MATERIALS 


tin coatings would give excellent protection to steel 
in atmospheric exposure. Its scarcity, however, pre- 
cludes such use. Heavy brass or copper coatings 
would give very good protection to steel, even in fair- 
ly severe conditions. Here again, cost and supply 
make the use of these metals impossible in the thick- 
nesses which would be required. Lead coatings are 
frequently used to protect steel; here the cost and 
supply are not as serious, but the appearance and 
softness of a lead surface discourage its use in many 
cases. Cadimum is one of the commonly used plat- 
ing metals which functions in part as a covering metal 
and partly as a sacrificial coating. Its appearance is 
better than that of zinc, but cost is prohibitive. 

Hence, as far as protective metal coatings are con- 
cerned, an impasse has been reached. One might ask, 
“Why not plate heavy coatings of one of the cheap, 
plentiful, self-protecting metals, such as aluminum or 
titanium?” This would indeed be a wonderful solu- 
tion to the problem, and it would be very unimagina- 
tive to say that such processes are impossible. At 
the present time, however, such electroplating tech- 
niques appear fairly improbable. The great reactivity 
of aluminum and titanium makes their reduction to 
metal from aqueous solutions quite unlikely. 

The possibility of hot-dip coating of molten alumi- 
num onto iron and steel is quite another story, how- 
ever. It is being done currently, and promises to be- 
come a major protective technique of the future. De- 
velopment of a similar titanium coating technique, 
on the other hand, is extremely unlikely. The melt- 
ing point of titanium is well above that of any metal 
upon which one might desire such a coating. 

Aside from the hot-dip application of aluminum 
coatings, no striking new solution to the problem of 
protective metal coatings can be visualized. Non- 
metallic coatings appear much more promising. 


As stated earlier, this article will not attempt to de. 
scribe or recommend specific paint coatings for meta] 
protection. But innumerable new developments jp 
this field might be pointed out—new plastic combina. 
tions which offer corrosion protection far beyond that 
attainable with even a heavy electroplated meta! coat- 
ing. It is for the designer to gradually wean the 
public mind away from the well-sold impression that 
metal articles must be bright and shiny to be high. 
quality. For example, is it not conceivable that fu- 
ture automobiles might desert the brilliance of chro. 
mium, which has reigned for the past twenty-five 
years? If we don’t make the transition gracefully, we 
will be forced to accept cars whose bright finishes will 
rust even before the dealer receives them! It should 
be possible to utilize baked enamel finishes to pro- 
duce equally attractive artistic styling which would 
have far greater useful life, Fig. 26. 


Teamwork: To summarize, the complexity of many 
corrosion problems might first be emphasized. This 
discussion has dealt chiefly with normal indoor or at- 
mospheric exposures—those that can be treated in 
fairly general terms. For the specific exposures en- 
countered in the design of chemical processing equip- 
ment, however, the designer should feel perfectly jus- 
tified in not attempting to treat the case alone; he 
should consult the “specialist,” the corrosion engi- 
neer. Such teamwork will insure against costly er- 
rors which might waste otherwise valuable design 
effort. 

Certainly, the corrosion specialist will frequently 
have to admit that he cannot answer a specific ques- 
tion on material selection without further test data. 
But on many everyday problems, he can narrow thé 
choice of possible metals to those which will serve in 
the particular environment expected. 


Fig. 26—Plating versus § 
amel on identical headlig 
rims. Enameled rim ¢ 

less and lasts longer 
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ONTINUING development of the jet engine in- 

tensified the demand for knowledge of materials 
for high-temperature applications. The use of ma- 
terials for higher temperatures was first initiated 
during and after World War I by the chemical and 
related industries, where steam pipe temperatures 
were being driven higher by the demand upon the 
industry. Turbosupercharger development before and 
during World War II further increased the necessary 
working temperature of the alloys beyond that of 
alloy steels into a field of austenitic type stainless steels 
containing increasing amounts of additional elements. 
A number of these stainless type steels are given 
in TABLE 4. The last-listed alloy, Timken 16-25-6 was 
widely used during the last war for turbosupercharger 
disks and even today is being widely used for this 
part of many turbine rotors. 

The first American turbojet engine, the General 
Electric Co. I-16, utilized a Haynes Stellite nickel- 
base alloy designated Hastalloy B for the rotor 
buckets. This alloy had a rupture strength exceed- 
ing any known material at that time—10,600 psi for 
1000-hour life at 1500 F. However, since it is a forged 
alloy and because of lack of forging capacity, it was 
imperative that other methods of fabrication be found 
for the newer type turbines then being designed. 

Haynes Stellite No. 21 alloy, a modification of a 
cobalt-base alloy already used in the dental and surgi- 
tal fields, was also investigated. Cobalt-base alloys had 
deen well known for their hot hardness and were there- 
fore a logical choice for further development studies. 
Haynes Stellite No. 21 had good oxidation and corro- 
sion resistance and could be precision cast. The high- 
temperature rupture strength of the modified alloy 
was found to be excellent, exceeding any known ma- 
terial at that time—1000-hour rupture strength at 


Table 4—Stainless Type Heat-Resistant Alloy 








Material Composition (per cent) 
Cr Ni Mo Fe w Rupture Strength 
(psi, 1000- 

a... hours at 1200 F) 
Tanless 18-8 18 8 hs 74 Me 12,000 

ip aken 16-13-3160 = 13 3 66 Bs 25,000 

son 13 19.5 06 63 3 23,000-34,000 
imken 16-25-6 16 25 6 50 ne 35,000-40,000 
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1200 F of 44,000 psi and at 1500 F of 15,000 psi. From 
a designer’s standpoint it was an excellent material 
for gas turbine rotor blades. 

Development since 1940 has opened wide a field for 
heat-resistant alloys and, in fact, many thousands of 
alloys were melted, cast or forged and evaluated. 
Only about 60 of these, however, have been given 
any consideration and only about eight are now be- 
ing used in gas turbines, with still another seven or 
eight being experimentally field tested. 


Metal Alloys: One of the best classification meth- 
ods for high-temperature alloys is according to the 
fabrication method. Thus, the alloys can be divided 
into three main classes: 


1. Strain-hardened wrought alloys 
2. Heat-treated or aged wrought alloys 
3. Cast, or cast and heat-treated, alloys. 


An example of the first class is the previously 
mentioned Timken Alloy 16-25-6. Alloys typical of 
the second class are Haynes Stellite Hastalloy B, 
and Allegheny Ludlum S-816. Alloys of the third 
class for high-stress applications include Haynes Stel- 
lite No. 21 and 30, and for low-stress applications 
the older type cast stainless steels, such as 25-12 
(25 Cr-12 Ni), 29-9 (29 Cr-9 Ni) and the Nichrome 
type alloys containing 25 to 65 per cent nickel and 
10 to 20 per cent chromium. 

The majority of the alloys suggested for highly 
stressed parts fall in the second class because a 
wrought alloy can be easily fabricated and then heat 
treated to give maximum high-temperature prop- 
erties. Most of the alloys of this class are of nickel 
or cobalt base with additions of columbium, titanium, 
aluminum, tungsten and/or molybdenum for obtain- 
ing age-hardenable characteristics. 

Examples of these alloys, included in TABLE 5, are: 


Inconel X: A nickel-base alloy with 16 per cent 
chromium made age hardenable by additions of 
some of the previously mentioned elements. It 
has a 1000-hour, 1500 F rupture strength of 18,500 
psi and satisfactory oxidation resistance up to 
2200 F 













































|) HEAT-RESISTANT ALLOYS — 


8-816: A cobalt-base alloy with chromium and 
nickel, and aging elements. It has a 100-hour 
1500 F rupture strength of about 19,500 psi 
HC N-155: A modified austenitic stainless steel 
with high cobalt and carbon content (20 per 
cent) and aging elements. It has a 1000-hour, 
1500 F rupture strength of 17,600 psi. 

All these alloys can be forged, are solution-treated 
above 2000 F, and aged or double aged at tempera- 
tures ranging from 1300 F to 1550 F for periods up to 
24 hours at any one temperature. 

Newer developments of wrought type alloys are 
grades for sheet applications. For example, most of 
the alloys just listed are obtainable in sheet or plate 
form. Also, Haynes Stellite No. 25 (cobalt base) is 
reported to have high room-temperature ductility and 
good elevated-temperature strength. Therefore, it 
ean be formed into shapes at room temperature and 
used at high temperatures. 

Forming of many of these heat-resistant alloys re- 
quires considerably more care than is used for stain- 
less or Inconel alloys, but almost all of them can be 
formed by either die cooling, interstage annealing or 
by using combinations of two or three-stage dies. All 
can be welded by gas, arc or resistance methods, but 
proper choice of weld rod and use of careful tech- 
nique are necessities. Other alloys containing less 
strategic elements have been or are being developed 
for uses requiring heat resistance, particularly iron- 
base alloys such as Crucible 422 and AMS 5616. How- 
ever, development requires time and expense, and 
even today investigation of alloys initiated ten or 
twelve years ago is still in progress. 


Ceramics and Intermetallics: A newer type of ma- 
terial has been investigated considerably in the last 
few years and is of a completely different family than 
the metal alloys already discussed. These are the 
ceramic and the “intermetallic” family of materials. 

Ceramic bodies have received much consideration 
for high-temperature use. Recent data from the Na- 
tional Bureau of Standards on their 4811 material 
(high beryllia, BeO; density = 3.0 gm/cc) has shown 
a 100-hour rupture strength at 1800 F of 17,000 psi. 
If these data are compared on a strength to weight 
ratio to those for one of the best cobalt-base alloys 
(sp. gr. = 8.6 gm/cc) at 1800 F, the ceramic rupture 
strength value can be increased to 48,600 psi which is 


on 
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Table 5—General Data on Some Heat-Resisting Alloys* 





Alloy 


Rupture Strength 
Composition (per cent) (psi, 1000 hours) 
Cr Co Mo W Fe Cb “Ti 1200F 1350F 1500F 





8-816, forged .... 


Inconel X, 


N-155 H.C., forged 3 22 bal .. 
forged ... ‘ aa 


K-42B, 
422-19, cast 


6059, cast ....... 
CES os 


H.8. No, 21 


3.5 4 bal 4 -. 51,000 
2.3 61,500 39,000 

- 45,500 26,000 
ar 26,500 


36,000 


30,006 19,500 
18,009 
18,000 
14,000 
23,000 
18,800 
15,000 
23,400 


forged ' ' oe on . @ 


ee 7 

S ba ae Se cee 30,000 

eee ae ee) eee 27,500 
ee 34,000 





*Heat treatment for the properties listed varies with eaeh alloy. Generally, 
the treatments are as follows: (1) Forged alloys—solution treat 2000-2300 F 
water or air quench, age 1350 to 1500 F 16 to 50 hours; (2) Cast alloys—age 


1350-1500 F 


ee eas 


50 hours or use as cast. 
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four times that of the alloy material. However. 
ceramic bodies have had poor thermal shock resist- 
ance which has deterred their more general use. 

However, ceramic coatings on nickel or iron-base al- 
loys show considerable promise and in tests have in- 
creased metal life of the part twofold or more. These 
gains have been applicable, however, to sheet metal 
parts only. Their thermal shock resistance is better 
than that of a solid body because the coatings are 
thin. Examples of these are the Solaramic type coat- 
ings and NBS A417 coatings, the latter being com- 
mercially produced by Ryan Aeronautical Co. 

The use of metallic binders with ceramics and/or 
intermetallics as a base material has caused the for- 
mation of a new type material called Cermets or 
Ceramals. These metal or alloy additions cause an 
improvement in the thermal shock properties and re- 
duce room-temperature brittleness. It does not nec- 
essarily reduce the strength of the body, since in some 
cases the strength increases. These bodies are fab- 
ricated by pressing and sintering or by hot pressing, 
the methods being similar to those used in the ce 
mented-carbide industry. 

Recent published results by Kennametal Inc. on 
their titanium-carbide nickel-bonded materials show 
for their grade K152B, a 100-hour stress-rupture 
value at 1800 F of 5000 psi, and for K151A a value 
of 12,000 psi. 

Haynes Stellite Co. has recently published data on 
Metamic materials which are based on chromium and 
aluminum oxide. They show tensile strengths at 
2000 F of over 11,000 psi and resist oxidation in air 
up to temperatures of 2192 F. 

A number of other Cermet type materials have been 
developed and reported. These are based on the 
borides and silicides of the refractory metal elements 
such as zirconium, titanium, molybdenum and tung- 
sten. Data on most of these are restricted, but it 
can be said that their strengths are high and the 
temperature of use has been increased well over that 
of the metal base materials. Disadvantages of these 
materials are that alloying increases the density of 
the materials, and that the design of some compo 
nents must be changed to accommodate them. 
Thermal shock resistance is improved, but the degree 
is not as great as would be expected. Also inspection 
techniques must be improved or totally revised if ma- 
terials of this type are to be more generally used. 

Design utilizing heat-resistant materials must be 
based on: (1) Strength at elevated temperatures, 
either yield strength for short-time operation or rup 
ture and creep for long-time operation; (2) strength 
to-weight ratio; (3) oxidation resistance; (4) thermal 
stresses (thermal shock resistance); (5) modulus of 
elasticity; (6) relaxation properties and (7) fatigue 
life. It is evident that selection of a material for 
high-temperature service often involves a compr' mise 
of the required attributes. From available informs 
tion, a logical selection of the best material appears 
possible in most cases, but the success of a part cular 
material can only be verified by actual use. 
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N ANIMAL or bird captured in the woods and 
shut up in a cage is the property of its captor 
so long as he keeps it in the cage. When he 

lets it escape it no longer belongs to him. His right 
to possession continues only so long as his possession 
continues. 

An idea and the exclusive right to its use is identical 
with a wild animal in captivity. The idea is property 
%0 long as it is confined by secrecy or by contract. 


Delay: A Pennsylvania manufacturer many years 
4go was making rotary prospecting drills under regu- 
larly issued patents. Ten years before these patents 
were issued a stranger had conceived of a rotary drill 
of the same type, had made rough sketches of his 
plans but had made no model and done nothing be- 


ss 


. mere conception which is not 
followed by some practical steps counts 
for nothing .. .” 


yond making these preliminary rough drawings. 
Five years after these patents had been issued the 
drill designer whose activity had carried no further 
than the drawing board applied for, and was granted, 
4 patent. He then sued the manufacturer, claiming 
an infringement on his patent. 
. “Mere conception,” said the federa] court, “which 
8 not followed by some practical steps counts for 
tothing against a subsequent independent inventor 
who, having complied with the patent laws, has ob- 
tained his patent. It would be indeed a strange per- 
version of the patent laws if one who had conceived 
of a new device and proceeded so far as to embody it 
lf rough sketches or even in finished drawings, could 
there stop and yet hold that field of invention against 
all comers for a period of fifteen years. 
“The law does not so regard supineness. TIllustra- 
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PROTECTING IDEAS 


By Albert Woodruff Gray 
Jackson Heights, L.!., N. Y. 


tive drawings of conceived ideas do not constitute an 
invention and unless they are followed by a reasonable 
observance of the requirements of the patent laws 
they can have no effect upon a subsequently granted 
patent to another.” 

This was supplemented by the court with a signif 
icant comment in relation to the protection of those 
ideas that are beyond the pale of the patent laws. 

“For what it may be worth to its originator, the 
idea of the second patentee is granted protection al- 
beit that it fails to come within the purview of the 
patent laws, either by reason of delay, or being a too 
abstract concept or any one of the many grounds 
on which a patent may be refused.” 


Disclosure: A letter was written a few years ago 
to one of the large automobile manufacturers. “A 
very serious error has been made in thé general loca- 
tion of several of the individual units of ‘your car. 
Within another year or so this error will'réduce sales 
by possibly a million or several] milliofi dollars. The 
cost of overcoming this defect should not be over 
twenty to thirty cents, if you take the easiest and 
shortest way. I would like to have you make me an 
offer stating: how much you would offer and pay for 
the same.” 

This idea, submitted at the suggestion of the com- 
pany, was to relocate individual units and thus bal- 
ance the weight of the steering unit as well as the 
weight of the driver. 

“The battery should be moved from the left side 
to the right side. This would take about fifty pounds 
from the heavy side and add it to the light side. Then 


“. . . if in fact the manufacturer did 
derive benefit... they are not indebted 
to its author because they did not offer 
to make any agreement to pay for such 
mere suggestion .. .” 









either or both the starter or generator should be 
moved to the right side of the motor.” 

The company declined to accept the suggestion, 
saying that it was not advisable to redesign the 
springs of the car at that time. Later the author of 
this plan sued the company for the value of the sug- 
gestion, claiming it had been subsequently adopted by 
the manufacturer. 

“If in fact the manufacturer did derive benefit from 
the idea that the units of the car should be shifted 
and if their subsequent redisposal of some of the units 
to the other side of the car body was in any wise in- 
spired by this idea,” said the court, “they are not in- 


. . the abstract must have been re- 
solved into the concrete. The patent 
must be for a thing—not for an idea 
merely .. .” 


debted to its author because they did not offer to 
make any agreement to pay for such mere suggestion. 

“When he voluntarily divulged his mere idea and 
suggestion, whatever interest he had in it became 
common property and as such was available to the 
manufacturer.” 

Thus, like the little animals in the woods, the idea 
had escaped and had become the property of no one 
possessor but of all. 


Abstract Ideas: The restriction of patent laws to 
mechanical devices and processes of art, leaves out- 
side their protection ideas that have not been nor 
cannot from their nature be embodied in concrete 
shape. A famous comment was made in a federal 
court decision in relation to an idea for drawing waste 
combustible gases from blast furnaces for use in re- 
verberatory or other furnaces. 

“There is no doubt that he who has discovered some 
new element or property of matter may secure to 
himself the ownership of his discovery so soon as he 
has been able to illustrate it practically and to dem- 
onstrate its value. The abstract must have been re- 
solved into the concrete. The patent must be for a 
thing—not for an idea merely. This limitation, it 
may be said, denies to some of the more important 
products of mind what it concedes to others of a 
lower grade. But it is not the less true on that ac- 
count. Men may be enriched or made happy by phys- 
ical as well as by moral or political truths, which 
nevertheless go without reward to their authors. 

“He who devised the art of multiplication could not 
restrain others from using it after him without pay- 
in for the license. The miner who first found out 
that the deeper veins were the richer in metal could 
not compel his neighbor to continue digging near the 
surface. 

_ “The more comprehensive truths of all philosophy, 
whatever specific names we give to them, cannot be 
separately appropriated by any one. It is their prac- 
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tical use that brings them within the domain of jp. 
dividuals and it is the novelty of such an application 
that constitutes the proper subject of the patent.” 


Breach of Confidence: The defense to a recent ac- 
tion in Connecticut against an airplane manufacturer 
for the infringement of an automatic lubricating pat- 
ent for air-cooled radial engines, was that the patent 
was invalid. In the negotiations between the parties 
the inventor had disclosed the details of this inven- 
tion to an official of the company where, he contend- 
ed, his idea was used in violation of his confidence 
and the agreement. 

“T asked him whether it would be all right,” related 
the patentee of the disclosure prior to the issuance 
of the patent, “that I was taking him into my con- 
fidence because I did not have any patents on that 
part of it; that I was disclosing something that was 
not covered by any patents. He assured me that any- 
thing I should mention or talk to him about auto- 
matic lubrication would be held in perfect confidence 
and that he would not permit it to become public in 
any way. A company of their reputation, he said, 
would not consider doing anything that was not right 
to any inventor.” 

Of this phase of the transaction, the traffic in ideas 
—irrespective of the patent—the federal court said, 
“The question bas several times arisen whether if 
he has imparted the disclosure to another under an 
implied promise not to use it—in confidence—he may 
hold the promisor after the patent issues. Clearly he 
should be allowed to hold him for any breach during 
the period between the imparting of the secret and 
the issuance of the patent. He may also hold him on 
the notion that whether the patent be valid or not 


 . the inventor was relying . . . solely 
on the common law that prohibits a 
wrong-doer from the disclosure of in- 


formation . . . obtained under circum- 
stances that bound him to secrecy . . .”” 


the promisor has surrendered his privilege as a mem- 
ber of the public. 

“No doubt the parties may agree, if they wish, 
that the promisor shall not use the pending patent, 
should the pending patent issue but turn out to be in- 
valid. Indeed they might even agree that he shall 
not use it even if the patent proves valid—the pat- 
entee might wish more than seventeen years protec: 
tion. But the expression of such an intent should be 
explicit.” 


Common Law Rights: In another instance of this 
character, a mechanic was employed in making the 
mechanical parts of an invention with the agreement 
that any information relating to the work should not 
be disclosed. Thereupon this workman not only 4P 
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yse but applied for and was granted a patent in his 
own name. 

In the action that was the consequence of this be- 
trayal of confidence the federal court pointed out that 
the inventor was relying, not on any patent nor any 
rights under that patent or the statute, but solely on 
the common law that prohibits a wrongdoer from 
profiting from the disclosure of information which he 
had obtained under circumstances that bound him to 
secrecy. Also that the wrongdoer was subject to an 
accounting of such profits as he had made by the 
wrongful use of the information, and the inventor en- 
titled to an injunction against the further use or dis- 
closure of this information. 


Piracy of Ideas: Of the protection of ideas from 
the piracy of the unscrupulous the Supreme Court of 
Missouri recently said, in a case of this character, 
‘Ideas have been compared to wild animals, prop- 
erty rights in which are dependent on possession and 
are lost by the escape of the wild animals and like- 
wise by the disclosure of the idea. Of course there 
can be no property right in a mere abstract idea, but 
there may be in a particular combination of ideas or 
in the form in which ideas are embodied. Surely 
when ideas are embodied in a concrete plan for ac- 
complishing a definite result the one who has con- 
ceived the plan has the right to contract with refer- 
ence to its disclosure and to give instructions in its 
use even though he did not originate it in the sense 
that no one else ever had similar ideas.” 

A decision many years ago in an action in the New 
York courts has been repeatedly adopted as the law 
governing the protection of ideas from those who 
would reap where they have not sown. 


I ' 
! “. . . when ideas are embodied in a 
: concrete plan for accomplishing a def- ; 
inite result the one who has conceived : 
. the plan has the right to contract with : 
! ! 
1 ' 
! 1 


reference to its disclosure .. . 


A plan was submitted to a corporation in that state 
which later adopted and used the idea. The author of 
this plan sued for the value of his idea which he had 
given the company. 

In holding he could recover nothing for what he 
had voluntarily surrendered, the court said: 

‘It is difficult to conceive how a claim to a mere 
idea, unconnected with particular physical devices for 
‘arrying out that idea, can be made the subject mat- 
ter of property. So long as the originator or pos- 
Sessor of the naked idea retains it, it is property but 
it eases to be his own when he permits it to pass from 


“Ideas of this sort in their relation to property may 
be likened to the interest a person may have in beasts 
and birds and fish in running streams. If the claim- 
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tidy 


propriated the information and invention to his own 






ant keeps them on his own premises they become his 
unqualified property and absolutely his own so long 
as they do not escape, but if he permits them to go 
he cannot follow them.” 

On appeal these restrictions thus outlined in the 
use of ideas were supplemented with a statement by 
the Court of Appeals in that state that outlines a 
method for the sound and substantial protection of 
ideas from appropriation by others. 

“Without denying that there may be property in 
an idea or trade secret or system, it is obvious that 
its originator or proprietor must himself protect it 
from escape or disclosure. If it cannot be sold or 


: ' 
“. . . so long as the originator or pos- ; 
sessor of the naked idea retains it, it is ; 
his property but it ceases to be his own : 
! when he permits it to pass from 
: ' 
: i 


him... 


negotiated or sued without disclosure it would seem 
proper that some contract should guard or regulate 
the disclosure, otherwise it must follow the law of 
ideas and become the acquisition of whoever receives 
it ’” 
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Correction 


It has been called to our attention by the Fawick 
Airflex Co. Inc. that the range of their pneumatically 
operated clutch elements is considerably broader than 
was indicated in TABLE 1 of A. F. Gagne’s “Clutch” 
article in the August issue of MACHINE DESIGN. They 
point out that the tabular information listed for ex- 
ternal pneumatic gland designs represents only the 
catalogued extremes for their 16 through 45-inch 
clutch assemblies complete with spiders, drums, hubs, 
etc. 

According to Fawick engineers, the following data 
represent the operating characteristics and dimension- 
al capacity ranges of their complete line of regularly 
produced pneumatic-gland clutch elements: Engage- 
ment frequency, 360 to 4800 max per hour; engage- 
ment time, 0.2 to 2.0 seconds; nominal shaft diameter, 
%, in. to 12 inches; extreme diameter, 7 to 961% 
inches; capacity rating, 1144 to 3600 hp; maximum 
speed, 2500 rpm (smallest) to 500 rpm (largest). 





“An empirical fact has a short-lived usefulness; 
fundamental data and sound theory can be used over 
and over again without wearing out.’”—THOMAS K. 
SHERWOOD, dean of engineering, Massachusetts Insti- 
tute of Technology. 
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CONTEMPORARY 


Mammoth Drag 


ARGANTUA of open-pit mu- 

ing machinery, the world’s 
largest dragline unit, right, craw- 
fishes about on location instead of 
travelling in customary fashion on 
endless treads. Despite its tre- 
mendous size, and total weight of 
nearly 1800 tons, this huge ma- 
chine, known as the W-1400, can 
travel at the rate of 200 yards per 
hour in 7-foot steps on two cleated 
shoes, left, 914 feet wide by 48 
feet long. 

When the dragline is in opera- 
tion, total weight of the machine 
rests on a circular base structure 
48 feet in diameter, below. On this 
base, the superstructure revolves 
on a segmented ring of 120 ten- 
inch tapered rollers. Rotary posi- 
tioning of the cantilever jib is ac- 
complished through a pinion drive 
to a circular rack over 33 feet in 
diameter. Teeth of this rack are 
19 inches wide. 

Designed around Cameron and 
Heath British patents, the walking 
gear is similar to that currently 
used on RapieR walking draglines. 






























































rags Backward 


Each shoe is mounted by universal 









| — ball joint to a composite cast-fab- 
old's ricated “walking leg’’, photo below. 
penx The main or center bearings of 
ca the legs are driven through square- 
| bred roller bearing eccentrics. 
Pie These eccentrics are carried on sep- 
| arate driveshafts at the inner ends 
: a of which are mounted twelve-foot 
‘ an drive gears. Because of the un- \\ 
ial usually heavy drive load, each of \\ 
y 48 these eleven-ton gears is driven \ 
7 by two diametrically opposed pin- 
— ions to avoid bending moments in 
itil the driveshafts. 
wre Walking reaction forces are 
+ this transmitted to the main framework 
iin through articulating links at the 
a. top of each leg. During each 
peal- “step”, front end of the circular 
i base actually remains on_ the 
pom ground, being dragged along as the 
tte eccentrics rotate. On completion 
sate of a step cycle, a torque tube equal- 
izing arrangement, top left next 
and @ P8e levels the shoes to normal \\ 
Iking straight position about two feet \\ 
ently 


lines. 
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above the base in readiness for the next step. 

Alternating current at 6600 volts supplied through 
two trailing cables powers two motor-generator sets 
located in the hoist room. These generators provide 
direct current for a total of fourteen interchangeable 
drive motors aggregating 3150 horsepower. Duplicate 
“armchair” controls, below, are provided in air-condi- 
tioned cabs on both sides of the machine giving the 
single operator a choice of two stations. A gallery be- 
low and between the cabins houses recording instru- 
ments and affords a vantage point for time study op- 
erations under all weather conditions. 

Extending 282 feet from the superstructure, the tri- 
angular jib of the dragline is of all-welded construc- 
tion, utilizing high tensile chromium-molybdenum 
steel tubes, plates and forgings. Approximately 2}, 
tons of Lincoln E-7010 welding electrodes, weighing 
about four ounces each, were used in fabricating the 
jib alone. With all equipment, catwalks etc., the 
Great Jib, as it has been “dubbed’’, exceeds 140 tons 
in weight and reaches 175 feet above ground level. 

Weighing 25-tons, the drag bucket has an ore ¢a- 
pacity of 30 tons. It is hauled by a pair of 21-inch 
cables and hoisted by another pair of 2-inch cables. 
The bucket operates at a speed enabling the machine 
to mine its own weight in iron ore every hour. De- 
signed by Ransomes and Rapier Ltd. for service at 
Stewarts and Lloyds’ Prior Hall quarry, numerous 
British concerns built the various structures and ma- 
chinery and participated in ultimate assembly of the 
machine at the ore pit. 
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CONTEMPORARY DESIGN 


Redesign Cleanlines Torch Carriage 


NCREASED flexibility and greater operating con- 

venience have been realized through major rede- 
sign of the AIRCO No. 20 Radiagraph, below. Bear- 
ing little resemblance to its predecessor, the new 
model has been greatly simplified and in addition pre- 
sents a clean outward appearance. Elimination of ob- 
structions and projections outside the housing offer 
greater utility since a wider variety of equipment 
than heretofore can be mounted readily with mini- 
mum interference. 

With one exception, all operating controls are con- 
veniently grouped at one end of the machine. These 
controls are; a toggle switch having off, forward and 
reverse positions; a magnetic tachometer which indi- 
cates traverse speed in either direction in inches per 
minute; a clutch lever for disengaging the power 
drive; and a calibrated speed-control governor coupled 
directly to a variable-speed drive motor. Supplement- 
ing the governed speed control a control lever at the 
opposite end of the housing, left below, provides over- 
lapping speed ranges of 2 to 12 and 10 to 60 feet per 
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minute. This lever shifts a sliding 
gear in a spur gear drive transmis 
sion, top left, previous page, which j 
direct-coupled to the 220-440 v ac 
gearmotor. 

Traction is obtained through op 
only of two flame-hardened whee 
of the drive assembly. Gear backlash 
is counteracted by a _ spring-loade; 
brake in constant engagement with 
the traction wheel rim. Also flame 
hardened, the other two wheels are 

Prreriy| castered for contouring and circuls 
travel. Through thumbscrews the 
casters may be locked to prevent 
swiveling. 

Housing parts of the carriage, lef 
are heat and shock-resistant alumi 
num alloy castings with machined 
joints to seal out dust and dirt. The 
motor drive and control panel ar 
mounted on a separate chassis, read- 
ily removable as a unit for convenient 
servicing and maintenance. 


XEMPLIFYING design in 
miniature, the new Mini- 
Breaker, left, consists of 25 
individual parts neatly arranged 
in a minimum of space. Shock- 
proof in construction, this com- 
paratively tiny electrothermal cir- 
cuit breaker is designed to fit 
standard Edison-type fuseholders. 
Under normal conditions, includ- 
Trip Ring ing temporary line surges and 
starting loads, current is conduct- 
Conductor Strip ed through a pair of spring-held 
contacts mounted on a U-shaped 
bimetallic stamping. When heated 
because of a “short” or a sustained 
overload, the bimetal element 
Movable Contacts spreads and disengages from 4 
pair of latch plates on the reset 
plunger. This permits twin extet- 
Lotch Plates sion springs to pull the movable 
contact assembly away from the 
Actuating Element stationary contacts. 

Simultaneously with contact re 
lease, a compression spring pushes 
the reset button outward ‘o & 
pose a normally hidden telltale 
groove in the plunger. The sroove 
indicates, by sight and touch, that 
Return Spring the circuit has been inter? ipted. 
Under ordinary circumstances, this 
breaker, made by Mechanical Prod 
ucts Inc., will carry full load upo? 

reset after ten-seconds cooling. 5 


Reset Button 





Fixed Contacts 





Reset Plunger 








Extension Springs 
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Fig. 1 — Typical gear 
blanks and types of gears 


Design and 


quality of a gear blank determine the accuracy 
This is 
true of all blanks, large or small, whether for power 
drives or for precision instruments, Fig. 1. 

In instrument gearing, in particular, lack of realism 
and understanding of manufacturing difficulties on 


fe om gears start with good blanks. 


and performance of the finished gear. 


the part of designers is evident. Many gears have 
teen designed without consideration of the problems 
posed in their manufacture. Often very close toler- 
aces are specified for the finished gear that cannot 
de satisfied because of blank design. In some cases, 
designers do not consider alternative methods of con- 
structing a gear blank. If ample consideration is 
given to blank design and if those who will have the 
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produced 


task of manufacturing are consulted, a better and 
cheaper blank construction will usually result. 
Primarily, gear blanks should be designed to avoid 
excessive localized stresses and deflections within 
themselves. Blank rigidity is also necessary for 
proper chucking when cutting the teeth. This point 
is important because it affects the overall quality of 
the gear and the efficiency of the cutting operation. 
For this reason bores, hubs and other locating sur- 
faces must be in proper proportion to the diameter 
and pitch of the gear. Wherever possible, small bores, 
thin webs, or any condition which necessitates exces- 
sive overhang in cutting should be avoided. It is de- 
sirable to provide the gear blank with locating sur- 
faces of generous size machined square with the bore. 














Class 
2 


3&4 1 2&3 





Diameter 
of Bore 0.002 0.001 


0.0007 0.0005 0.0002 





0.001 per 0.0007 per 
—_— of in. of length in, of length 
ore Max 0.002 Max 0.001 


0.0005 per 0.0003 per 0.0002 per 
in, of length in. of length in, of length 
Max 0.0007 Max 0.0005 Max 0.0002 





Lateral 
0.002 per 0.0015 per 
— - in. of radius in, of radius 
—_ os Max 0.004 Max 0.0025 
Helical Gears 


0.001 per 0.0007 per 0.0005 per 
in, of radius in. of radius in. of radius 
Max 0.002 Max 0.0015 Max 0.001 





Lateral! 
0.001 per 0.0008 per 
Runout of in. of radius in, of radius 
Bevel and Max 0.002 Max 0.0016 
Face Gears 


0.0005 per 0.0004 per 0.0003 per 
in, of radius in, of radius in. of radius 
Max 0.001 Max 0.0008 Max 0.0005 





0.002 per 0.0015 per 
Nonparalielism in. of radius in, of radius 
Max 0.004 Max 0.0025 





0.001 per 0.0007 per 0.0005 per 
in. of radius in, of radius in. of radius 
Max 0.002 Max 0.0015 Max 0.001 











Concavity of 
Mounting and 0.001 per in. of radius for rigid blanks. 


Surfaces 


Registering radius for flexible blanks. Total not to exceed 0.003 flexible blanks. Total not to exceed 


0.0005 per in. of radius for rigid 
0.0005 per in. of blanks. 0.0003 per in, of radius for 


0.0015 








Convexity of 
Mounting and 
Registering 
Surfaces 








In bevel gears, these locating surfaces should be suit- 
able both for locating the blank in the gear cutting 
machine as well as for locating the finished gear when 
assembled. The most common faults which have 
proved troublesome in gear blank design are: 

1. Very small bores compared to outside diameters 

. Very large bores compared to outside diameters 

. Narrow face width with large outside diameter 

. Short bore length 

. Thin hub walls 

. Keyways breaking through hub walls 

. Gears integral with shafts that lack stiffness. 


In Section Seven of American Standard Inspection 
of Fine-Pitch Gears (ASA B6.11-1951) tolerances for 
various gear-blank elements are set up to produce 
finished gears of given-degrees of accuracy. This 
standard gives valuable guides on gear-blank con- 
struction. An excerpt from this standard, Fig. 2, 
shows blank nomenclature as well as a few examples 
of good and bad construction. In TABLE 1 are shown 
blank tolerances for the various classes of gears cov- 
ered in this standard. The tolerances given in this 
standard are realistic and liberal... A comparison of 
the tolerances for the various elements of fine-pitch 
gear blanks with those of blanks that would normally 
fall in the coarse-pitch range discloses that the fine- 
pitch blank tolerances are much more liberal than 
those of coarse pitch. If the principles set forth in 
this standard are followed, much better blanks will 
result. 

Following are some examples of questionable blank 
construction taken from current instrument gear pro- 
duction. They have been chosen because they have 
one thing in common: All blanks show lack of imag- 
ination and knowledge of good machining practice. 
Space does not permit a broader choice although it 
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None for any class 





would not be difficult to find other examples. bg 

An example of a gear blank with a hub too small§” 
for its diameter is illustrated in Fig. 3. In addition 
to this, the keyway breaks through the thin hub as 
shown in Fig. 3a. In this case, the bore tolerance was 
0.0003-inch, difficult enough to produce when in an 


unbroken hole. The designer added to the difficulty jr 


by not foreseeing that the keyway would break# 
through its hub. 

Three holes are provided in this blank which make 
a difficult finish facing operation due to the impact 
cut introduced by the holes. To add to the problems, 
a material that had poor machinability was chosen. ff 
A blank of this kind should have the area on each 
side of the holes relieved, as shown in Fig. 3b. The 
relief can be put in the roughing operation before 
the large holes are cut. The final facing operation, 
necessary to produce the required trueness of the 
mounting faces, can then be performed much easier. 
Instead of facing the entire distance, from edge of 
hub to outside diameter, locating from a small hole, 
only the center and rim are faced true with bore. This 
is simpler and leads to greater accuracy because it 
avoids the chatter introduced by the impact cut from 
the holes. Functionally, the gear will work just as 
well. 

A typical gear with a shouldered bore is shown in 
Fig. 4. The gear is well proportioned in this case. 
It might seem an easy matter to produce two bores 
opposite each other, and each square with the locating 
face but to the shop man it poses a real problem. Ob- 
viously, the reason for the shoulder is to position tw® 
bearings. A simple solution is to use a snap ring 4 
shown in Fig. 4b. There are several standard makes 
available. The trick in cutting the groove for the 
ring is to put a slight angle of approximately one de fi 
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free On each side of the groove as shown in the en- 
larged view. The width at the small end of the taper- 
ing groove is a few thousandths smaller than the min- 
imum washer thickness. The ring is never permitted 
lo reach the bottom of the groove, but is held tightly 
on its angular faces. By this simple expedient, a hub 


. #8 produced which is just as good as the solid design. 


A construction like this will permit boring straight, 
urate holes and will improve bearing alignment. 
Costs will be reduced and yield increased. 

A common error in bevel gear blank design and 
me which seems difficult to overcome is shown in 
Fig. 5a. Some designers insist on making bevel gears 
With a front hub that extends beyond the cone point. 
Such a gear can only be produced by one method, 
lamely, by generating with reciprocating tools. The 
gear can only have straight teeth and, to make mat- 
lems worse, it cannot be produced on the latest fine- 
bitch bevel gear generators. It happens that straight- 
bevel generators, suitable for the smaller fine-pitch 
Sears, are now obsolete. They have been superseded 
ty a better machine which employs rotary cutters. 
Occasionally, a hub extension is desirable; and to de- 
sign around it would perhaps be a major undertaking. 
such a case, why not use a two piece construction? 
Shown in Fig. 5b is a two-piece construction in 
Which the gear has an accurately made bore. The 
teeth can be either straight or spiral, and can be cut 
% the latest equipment.’ The hub is a flanged bush- 
Ng which is dimensioned as an interference fit in the 
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(b) Good Design 


Fig. 3—Gear blank with hub too small for 

the bore is shown at a. Frail hub is broken 

through by keyway. Redesigned blank at 6 
has adequate hub 






































gear. The fitting of the bushing to the gear is done 
by one of two methods: heating the gear an amount 
suitable to expand its bore for a proper fit in its bush- 
ing or refrigerating the bushing to cause it to shrink 
a suitable amount. Also, a combination of the two 
may be employed by both heating the gear and shrink- 
ing the bushing, depending on the relative diameters. 

It may be that over-conservatism may demand the 
use of screws or rivets to attach the hub to the gear 
in addition to the shrink fit. Such a construction is 
indicated in Fig. 5b. When the bushing is fitted into 
the gear, its bore will probably close up a trifle. Hon- 
ing or lapping will correct this condition. Each case 
of this kind will require separate study. It is sug- 
gested that designers consult their shop men when 
they have a problem of this kind. A good mixture 
of practice and theory will inevitably lead to the best 
solution. 

In Fig. 6, showing a cluster-gear blank of stainless 
steel, it will be seen that, in order to obtain the pinion 
for the cluster, all of the material in the shaded area 
is wasted. Actually, it takes considerably more ma- 
terial and labor to turn down the bar stock for the 
pinion than that consumed for the gear. This is an- 
other case where a two-piece construction is indi- 
cated. Referring to Fig. 7 which shows the two piece 
construction, the gear can be made from sheet or bar 
stock. The sides should be recessed as shown, similar 
to the gear in Fig. 3. In this stage, the blank can 
be bored to size to fit the pinion and rough turned. 
The four holes can be put in next. The pinion blank 
is finished to size with the exception that the bore has 
a small allowance for honing or lapping after it is 
shrunk into the gear blank. 
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In this case it may also be desirable to increase the 
factor of safety by pinning the pinion to the gear 
blank in assembly. The final facing operation of the 
rm and center of the gear is done from the finished 
pinion bore. This two-piece construction would not 
mly save labor and material but also permit salvag- 
ing the gear and pinion if either were out of drawing 
tolerances. There is little doubt that this construc- 
tion would be equally as satisfactory as the one-piece 
construction. 

In the fine-pitch instrument field, throated worm 
gears are sometimes used. It is customary to make 
the worm-gear blank as shown in Fig. 8a. A simpler 
blank design is shown in Fig. 8b. In this construc- 
tion, the blank is not throated and resembles a spur- 
gear blank. This type of blank is recommended for 
notion drives where loads are relatively light. Ameri- 
cam Standard Design for Fine-Pitch Worm Gearing 
(ASA B6.9-1950) gives two choices of worm-gear 
blank design. One like that shown in Fig. 8a and the 
other, without a throat, like the one shown in Fig. 8b. 
The nonthroated gear blank may seem to have less 
area of contact than the throated blank. This area 
of contact can be increased somewhat when a tapping 
tob is used. In such case the root of the hob pro- 
duces the throat as shown in Fig. 9b. 

The fallacy in using a fully throated blank, es- 
pecially in instrument gears is that it is never pos- 
sible to produce fine-pitch worm gears that fully 
envelop the worms. This is due to the limitations 
i the generating equipment available for this type 
of gear, 

Fine-pitch worm gears are produced by the in-feed 
method of generating, in which the hob is larger than 
the mating worm by a suitable sharpening allowance 
Which has been more or less standardized. The lead 
angle of the hob is different from that of the worm 
and continually changes as the hob diameter changes 


MACHINE DEsSIGN—October 1952 














by sharpening. To compensate for this, it is common 
practice to adjust the hob axis slightly from the 90- 
degree relation with the axis of the work spindle. It 
is not generally appreciated that a change in the cen- 
ter distance between a worm and worm gear changes 
conjugate action. The amount of change depends on 
many factors such as : axial pitch, lead angle, depth 
of cut, and pressure angle. 

The equipment for producing fine-pitch worm gears 
by the in-feed method does not have facilities for 
maintaining constant center distance like tangential- 
feed worm-gear hobbing machines used for coarse- 
pitch gears. Size is obtained by varying the center 
distance and endeavoring to correct for bias bearing 
by changing the hob axis. Fully conjugate contact 
is therefore impossible. Furthermore, it is useless to 
design a complicated blank in an endeavor to obtain 
maximum contact when the limitations of the process 
is the governing factor. 

The committee that developed the &nre-pitch in- 
spection standard must have recognized these limita- 
tions because, in the section on inspection of fine-pitch 
worm gears, under Item 78, “Required Initial Area of 
Contact,” is stated, “A minimum of 50 per cent con- 
tact is suitable for most fine-pitch worm gears.” 

Figure 9a shows a throated worm gear with ap- 
proximately 50 per cent bearing contacting its mating 
worm. Fig. 9b is the same worm in mesh with a non- 
throated worm gear. It is obvious that the simpler 
nonthroated worm-gear blank will work just as well. 

This highlights a few basic considerations to show 
that good gear blanks are important. Without a good 
foundation it is not possible to build an enduring struc- 
ture. By the same token, without good blanks, it is 
not possible to produce good gears. No amount of 
“do’s and don’ts” will ever constitute a formidable 
substitute for that priceless ingredient—good com- 
mon sense. More of it in blank design is in order. 
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Ingenious crank mechanism provides adju 


VOLUTION of the modern cut-olf for producing 
accurate lengths of stock from continuous web 
processing machines has been necessitated to 

keep pace with increases in production speeds, re- 
quirements for more accurate cuts and for changing 
the length of cut without stopping the flow of ma- 
terial. In the rotary cut-off for corrugated paper 
board, Fig. 1, accuracy of cut is maintained at any 
line speed up to 500 feet per minute. This has been 
made possible through the development of a double- 
crank mechanism to drive rotary shears at line speed 
during cut-off regardless of the cut-length setting. 

Cutting the web in accurate lengths has been one 
of the most troublesome and one of the most import- 
ant problems faced by the designer as a result of 
ever increasing production speeds. Less than fifty 
years ago, corrugated board machines were running 
at 20 feet per minute and cut-off operations were 
relatively simple. With the advent of quicker setting 
adhesives and other improvements, better mechanical 
methods of cutting the web had to be devised. 

Early cut-offs were of the flying shear type and 
were equipped with a target trip located in the path 
of the board which triggered a one-revolution clutch 


and brake. The drive was geared to synchronize the 
knife with the paper speed at the cutting point. Be- 
cause the knife stopped between each cut, no other 
means of synchronization was necessary. When pro- 
duction speeds rose above 150 feet per minute, start- 
ing and stopping the mass of this type of shear be- 
came destructive. A continuous running type of guil- 
lotine cutter was then developed. It retained the arms 
and crank of the target trip knife but the frequency of 
cut and hence the length of blank were determined by 
an elaborate change gear box. 

For synchronizing the speed of this knife with the 
paper, to minimize buckling or tearing, a change gear 
box and an elliptical-gear differential were employed 
to obtain proper speed at the point of cutting. For 
every setting of this gear box for sheet length, there 
was a corresponding adjustment of the elliptic differ- 
ential to bring the knife to paper speed at the moment 
of cut. This machine was sufficiently accurate but, 
because of the complex gear box, it was relatively ex- 
pensive. In addition, it required considerable down 
time for adjusting the gears, etc., for each change it 
sheet length. 

It was soon realized that a mechanical variable 


Fig. 1—Duplex rotary cut-off machine having a right-angle delivery. These cutters, driven 
by an ingenious double-crank mechanism, operate at line speed regardless of length of cut 
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IRY CUTTER 


and requires minimum setup time 


By Chas. D. Nitchie 


Chief Engineer sles 
Samuel M. Langston Co. speed transmission could replace the gear box and 


Camden, N. J. maintain the same cut-off accuracy. This machine 
employed a Reeves transmission to establish the fre- 
quency of cut and the same elliptical differential to 
synchronize the knife with the paper speed. 

As speeds increased, however, inertia forces again 
became a factor. For a time, this problem was allevi- 
ated by substituting aluminum arms and lightweight 
tubular heads for the moving parts. These improve- 
ments were satisfactory only to speeds about 350 feet 
per minute, necessitating development of a new cutter 
with reduced or balanced inertia forces. The rotary 
cutter shown in Fig. 1 is the result of this work. 

Field experience and a better understanding of the 


Fig. 2—Assembled view of knife accelerating mechan- 
ism and view with case open showing adjustable pivot 
block disengaged from the slide link. Adjustment of 
this pivot controls acceleration of the rotary knives 
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problems resulting from faster cutting, indicated 
that a careful analysis was necessary to determine the 
pest system. This analysis, research and experi- 
mentation led to the general conclusion that a drum 
type knife carrier would be the best form for reducing 
nife inertia. This would also give the greatest ratio 
of strength to weight for the rigidity required to span 
increased widths of paper board up to 115 inches. To 
obtain the proper type of shearing action would re- 
quire two knife cylinders geared together to develop 
the proper action of the knife blades and, at the in- 
stant of cut, the knives should be travelling at line 
speed. To obtain various lengths of cuts, therefore, 
would necessitate accelerating or decelerating the 
speed of the knife cylinders before and after each cut, 
depending on the length of stock desired. 

To determine the best type of acceleration control 
mechanism for the rotary knife, an independent study 
was made. It was desired that it be simple in con- 
struction, relatively small in size and capable of oper- 
ating at high speed. The ingenious arrangement, em- 
ploying a double crank and pivoted slide link, shown 
in Fig. 2, was developed. 

Referring to Fig. 2 in the view showing the cover 
an? pivot removed from its slide, the pinion in the 
foreground drives, through an idler gear, the main 
gear crank. The crank at the lower part of the illus- 
tration, being integral with this gear, has its pin 
journalled in one end of the slide link. The pin of 
the second or driven crank carries a slide block in the 
other end of the link. The shaft of the driven crank 
supports the bearing for the gear crank and passes 
through it to drive the bottom cylinder of the rotary 
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knives. Its speed determines the speed of the cutter. 

To provide adjustment for varying the cut length, 
the pivot is mounted on a screw in the frame of the 
cutter. Turning the screw displaces the pivot to give 
the change in acceleration relationship that is needed 
between the driving speed and the knife speed for 
each cut length. Inasmuch as the cranks are moment 
arms about the pivot, changes in pivot position alter 
the speed of the driven cut-off in direct proportion to 
the pivot position. 

When the pivot block is in place in the slide link 
and is centered with the crankshaft, the rotation of 
all elements in the drive are constant with respect to 
each other. If the pivot block is lowered, however, 
the leverage between the cranks changes and a vari- 
able output motion results. When the block reaches 
the bottom position, the ratio of velocity about the 
pivot of the point of cutting becomes 5% to 1, pro- 
ducing the longest sheet length. 

The parts of the accelerating mechanism are rela- 
tively small because of their direct action in the driv- 
ing system. The slide link is the largest unbalanced 
member and, because it is aluminum, the drive has low 
inertia. This entire system is enclosed in a case and 
is oil bath lubricated. 

To synchronize the cutter drive with the speed of 
the paper board web, it is necessary that the pivot 
block be in proper position. Because each change in 
cut length requires a change in speed of the driving 
gear crank, the pivot must be adjusted to vary the 
knife speed accordingly at the instant of cut. This is 
accomplished by the control system shown in Fig. 3. 
A double-shaft gearmotor, with a brake for holding 





position, adjusts both the pivot block and a variable- 
speed Reeves transmission simultaneously. The out- 
put of this transmission drives the pinion, Figs. 2 and 
3. 

Input to the variable-speed transmission is through 
takeoff from the main drive of the process machines. 
Any change in the speed of the paper board web 
therefore is reflected in the speed of the transmission 
so that any cut length set on the rotary cutter pro- 
duces a constant-length cut regardless of web speed. 
Output speed of the Reeves transmission determines 
the cut length and this is adjusted by the gearmotor 
control shown in Fig. 3. 

Inasmuch as the speed of the knife blades at the 
time of cutting is a straight-line function with respect 
to the position of the pivot in the double-crank mecha- 
nism and the screw and gearing positioning for this 
pivot are also straight-line functions, the angular po- 
sition of the gearmotor is likewise a straight-line 
function with respect to the speed of the cut. The 
speed control mechanism of the variable-speed trans- 
mission, however, approximates a second-degree curve. 

To compensate for this difference in speed relations, 
a mechanism is incorporated in the transmission to 
make its speed ratio linear with respect to its adjust- 
ing screw and in turn to the gearmotor control. This 
compensating mechanism consists of the toggle link- 
age shown in Fig. 4. This linkage is so proportioned 


that, when one leg pin is fixed and the other travels 
with the nut on the adjusting screw, the center pin 
travels on a block in a slide on the transmission raj] 
to provide a straight-line characteristic. This com. 
pensating mechanism is shown at the bottom of the 
rails on each side of the sheaves in Fig. 5. 

With this control arrangement and the pivot screw 
connected so that the pivot lowers with decreased 
speed of the transmission output, the speed of the cut. 
ter knives is always maintained at web speed during 
the instant of cut, regardless of change in cut length 
or in web speed. This feature is important for rapid 
and accurate change or reset in sheet length. 

Details of the cutter drive are shown in Fig. 6. 
Bevel gearing on the variable-speed transmission out- 
put shaft drives the pinion (previously discussed) on 
the other side of the machine. Through an idler, this 
pinion drives the gear crank of the cutter mechanism. 
In this machine, one revolution of the machine drive- 
shaft or the input shaft of the transmission is equiva- 
lent to approximately one foot of paper so that a 
tolerance of 1/32-inch in sheet length is equivalent to 
about one degree of slip, indicating the accuracy of 
the transmission. 

Construction details of the double-crank mechanism, 
the knife cylinder drive and the speed adjustment 
control are shown in Fig. 7. The double-shaft gear- 
motor drives through bevel gearing both the variable- 
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geed transmission adjustment screw and the pivot 
gjjustment screw in the double-crank mechanism. 
Also shown in this drawing is the driving arrange- 
nent for the knife cylinders. The lower cylinder drives 
the upper cylinder through antibacklash gearing, the 
wper gear being split to provide adjustment for tak- 
ing up the backlash. Similar gearing at the other end 
of the cylinders maintains alignment of the blades 
ad prevents deflections from interfering with the 
inife action. 

Adjustment of the knife cylinders for proper cut- 
ting action is made by relative rotation of the cylin- 
ders relative to the gearing. The former are bolted 
to the gears through slots in the cylinders. Precise 
adjustment of the blades is provided by adjusting 
srews which clamp the knife blades as shown in the 
section through the cylinders in Fig. 8. 

Indication of sheet length being cut may be ob- 
served at all times by viewing the pointer on an arc 
scale located on the side of the machine, Fig. 9. Also 
provided on this sector is a stop which may be preset. 
When the operator is ready for the next cut length, 
whether it be longer or shorter, he presses the proper 
pushbutton to energize the gearmotor control in the 
desired direction. As the pointer reaches the pre- 
selected position its arm contacts a precision limit 
switch on the preselector. This opens the circuit of 
the gearmotor and sets its brake to assure accurate 
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positioning and preclude possible drifting during oper- 
ation of the cutter. 

Positioning of the indicator is taken from the ad- 
justing screw of the transmission and may be seen in 
Fig. 5 between the two transmission units as a worm 
and gear sector takeoff. Fig. 7 shows this length 
indicator shaft traveling across the machine to the 
indicator arm at the right of the double-crank mecha- 
nism. In addition to the limit switch on the preselec- 
tor, limit switches are also utilized for both the accel- 
eration control system and the transmission so that 
damage cannot de done to any part of the mechanism. 

Paper board processsing machines with which this 
cutter is associated, are driven mainly by Reliance 
variable-voltage drives, having an 8 to 1 speed range 
and providing a top speed of 500 feet per minute. At 
any operating speed within this range, the cut-off 
cleanly cuts sheets of uniform length within a toler- 
ance of plus or minus 1/32-inch from a minimum 
sheet length of 34 to a maximum of 187 inches. Devel- 
opment of this machine has taken the problem of cut- 
ting off the critical list of limitations for high-speed 
production of corrugated paper board. 

In addition, the machine has reduced setup time to 
a minimum. With its synchronized control system 
and preselector, the time required during changeover 
is little more than that required for pressing a push- 
button. 


Fig. 9—Preselector and length indicator. Preselector 

may be set at any time during run. When new cut 

length is desired, operator pushes button and machine 
adjusts itself automatically to new length 
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Break an aspirin tablet into four 
parts. The weight of just one of 
these pieces—less than 0.00025- 
pound—is enough to rotate fhe 
1300-pound cradle of the dynamo- 
meter in the picture. This and 
other impressive results, including 
reduction of bearing friction coeffi- 
cient to less than 0.00000075— 
about one-thousandth of the least 
coefficient possible with convention- 
al bearings, were attained with hy- 
drostatic bearings. Outlined in this 
article is one method of applying 
this low-friction type of bearing 


ELATIVELY simple in construction, hydrostatic 

bearings can reduce friction to an absolute 

minimum in slowly moving or rotating bear- 
ing assemblies. In a support bearing, radial and axial 
stability can be provided, along with movement 
through small angles of rotation. Heavy rotating 
parts can be raised while stationary in order to re- 
duce starting torque below the normal high break- 
away torque of a heavily loaded journal bearing. On 
machine tools, hydrostatic bearings permit heavy 
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STATIC 


By P. S. Potts 


Dynamometer Design Engineer 
Large Motor and Generator Dept. 
General Electric Co. 

Fort Wayne, Ind. 


loads to be supported on ways with a high degree 
of radial rigidity, free movement parallel to the ways, 
and no motion normal to the direction of the ways. 

As a practical example, this article shows how the 
unique advantages of the hydrostatic bearing prin- 
ciple were applied in the design of a cradle dyna- 
mometer. Here the requirement is extremely low 
friction at zero rotational speed, a difficult condition 
for which the hydrostatic bearing is eminently suited. 


Advantages: The de absorption dynamometer is es- 
sentially a de generator having field and stator parts 
cradled to permit the electromagnetic reaction be- 
tween the armature and stator to be transmitted to 
a force-measuring device, which prevents the stator 
from rotating. Usually this cradling is accomplished 
by supporting the generator stator on antifric- 
tion trunnion bearings, mounted in the two pedestals. 
The only appreciable error in torque measurement 
with such equipment is caused by (1) friction in the 
electrical and mechanical connections, (2) power re 
quired to drive uncradled auxiliaries, (3) trunnion 
bearing friction. 

Although error from the above causes is usually 
insignificant when measuring full-load torque of 
equipment, the errors are more or less constant. Thus, 
at low torque the error becomes a relatively large 
part of measured values. Minor changes can be made 
to reduce the first two of the above sources of error. 
The hydrostatic bearings, Fig. 1, offer a means of 
reducing error from the third source. 

In the hydrostatic bearings the load is supported 
on a continuous film during operation, eliminating 
any possibility of metal-to-metal contact. Low-voltage 
detector devices can be employed to indicate when the 
bearings are functioning properly. Most important. 
the hydrostatic bearing has insignificant friction whe? 
the stator is stationary, as it must be for a <yna 
mometer scale to be read. 
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N GS . . . minimize friction in cradle dynamometer 


Factory tests on the dynamometer show it to be 
sensitive to an unbalanced weight of less than 0.00025- 
pound placed on the dynamometer torque arm. The 
improvement over more common types of trunnion 
bearings is better appreciated by comparing this sen- 
sitivity with that of other bearings, for which a coef- 
ficient of friction of 0.001 is regarded as low. The 
corresponding coefficient of friction for the hydro- 
static bearing is less than 0.00000075 for the least 
sensitive unit built to date. And, in addition, the 
familiar problem of brinelling in stationary or slowly 
oscillating rolling-contact bearings is virtually elim- 
inated. 


Principle of Operation: The hydrostatic bearing 
which appears to satisfy dynamometer requirements 
of stiff axial and radial stability best is the spherical 
bearing shown schematically with its associated equip- 
ment in Fig. 2. Oil film pressure supporting the 
journal load in a normal rotating journal bearing is 
created by the rotation of the journal; however, pres- 
sure for the stationary hydrostatic bearing must be 
supplied by external means consisting of a pump 
and pressure-regulating valve. In other respects, the 
hydrostatic bearing operates in much the same man- 
ner as the more familiar hydrodynamic jour- 
nal bearing except for the action of the re- 
strictors and pressure pads, which are included 
to provide radial and axial rigidity. Oil or 
other comparable liquid’ is supplied to the pressure 
pads at a regulated pressure great enough to lift 
the journal load. Pressure required for the bearing 
is kept within reasonable limits of approximately 
200 to 300 psi by proper selection of the pressure pad 
area and the leakage area from the pressure pad to 
atmosphere. For oil film thicknesses under the jour- 
nal of approximately 0.002-inch, moderate pressures 
of this magnitude reduce the pump motor require- 
ments to reasonable values when liquids are used as 
the lifting media. The use of gas or air for this pur- 
pose is not practical when the load to be supported 
is appreciable because of the high power losses re- 
sulting from compression of the gas without any 
useful work being accomplished during expansion. A 
low viscosity compressible fluid, however, could be 
useful for lightly loaded hydrostatic bearings where 
pumping costs are not important, and friction must 
be reduced to an absolute minimum. 

Rigidity in the radial and axial direction is ac- 
complished automatically. Restrictors for the hydro- 
static bearing are selected to produce a relatively high 
Pressure drop through the restrictor, approximately 
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equal to the pressure drop through the bearing. 
When the center of the journal moves to right of 
bearing center, Fig. 3, the cross-sectional area of the 
flow path from the left pressure pad to the atmos. 
phere is increased, causing an increase in fiow 


through this path and a momentary drop in pressure 
in the left pressure pad. With a lower pressure in the 
left pad, oil flow and pressure drop through the left 
restrictor momentarily increase. Since both the right 
and left flow paths are supplied at the same regv- 
lated pressure, supply pressure to the left restrictor 
cannot increase, and must remain equal to the supply 
pressure to the right restrictor. Thus, with a greater 
pressure drop in the left restrictor, pressure in the 
left pad remains below that of the right pad. This 
difference in pressure between the pads results in 
an unbalanced force on the journal, returning it to 
the central position where pressure-pad forces and 
oil flow are balanced. Axial stability is achieved in 
the same fashion by offsetting the pressure pads ax- 
ially as shown in Fig. 2. 

Besides providing radial and axial stability, prop- 
erly designed restrictors maintain a constant oil film 
thickness under the journal as the oil temperature and 
oil viscosity change during operation. Uniform film 
thickness eliminates any change in the height of the 
shaft during operation, and prevents possible change 
in alignment between the cradled unit and other units 
which might cause vibration difficulties. 







(a) 


Fig. 4—Hydrostatic bearings 
for both ends of the stator. 
= bearing at a in- 
cludes the trunnion nose, 
rotating spherical journal, 





stationary spherical bearing 
with pressure pads, and 
mounting flange. Cylindri- 
cal bearing at b includes the 
trunnion nose, cylindrical 
journal and stationary bear- 


ing, self-aligning support 
ring and mounting flange 


(b) 
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ANALYSIS: In order to comprehend the action of the 
restrictor in maintaining a constant film thickness, 
quantity of fluid flowing from the pressure pad 
through the bearing to atmosphere must be investi- 
gated. This equation for flow, if the bearing is in its 
entered position, can be considered as analogous 
to the equation for viscous flow between parallel 
plates (see Nomenclature) : 





Width of the leakage path from the pressure pad 
to the atmosphere for a particular bearing is a func- 
tion of the radius, so the equation becomes 


pyh*r 
wL 





Q, = Ze — (1) 


If the restrictor is a properly designed viscous re- 
strictor, with a length several times its diameter, 
flw through it is equivalent to viscous flow through 
apipe, for which the equation is 


D*p, 





r= K; 
Qg ol 
For the particular restrictor, the diameter and length 
are constant and can be combined in the constant, K,, 
making the equation 
Pp; 
Q, K, eo . . (2) 
u 
Since flow through the restrictor and the bearing 
must be equal, Equations 1 and 2 can be combined: 
p,yher P, 


K, 


Ky 
uL rm 








Journal radius and length of the leakage path are 
constant for the bearing and can be combined in the 
constant, K,;. Furthermore, viscosity in the restrictor 
and bearing are essentially the same, so that this 
equation becomes 


p,hs — Ksp, 


Since pressure drop through the restrictor is simply 

















bo 
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Nomenclature 


and the pad pressure, this equation can be rearranged 
to show the film thickness 


Ps — Pp  ¥ 
Pp 


Pad pressure is dependent on the load to be sup- 
ported and the bearing geometry as mentioned previ- 
ously. Hence, when the load is constant, the pad 
pressure, p,, will be constant for any particular bear- 
ing. Since the oil supply is regulated to maintain a 
constant supply pressure, the oil film thickness, h, 
in Equation 3 remains constant during operation re- 
gardless of temperature and viscosity variations. 
The principle of the hydrostatic bearing may be ap- 
plied to any desired configuration to obtain the re- 


Fig. 5—Oil supply for the dynamometer bearings is 
handled by two separate systems, one for the hydrostatic 
bearings, and one for the armature bearings 


a ,s 
Oil Pump 77 
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D = Inside diameter of restrictor 

h = Oil film clearance 

K,, K,, K,, K, K, = Constants 

1 = Length of restrictor 

L = Length of leakage path from pressure pad to 
atmosphere 

Pressure in pressure pad 

Pressure drop through restrictor, p, — pp 

Regulated supply pressure 

Rate of flow from pressure pad to atmosphere 

Rate of flow through restrictor 

Radius of journal 

Width of leakage path from pressure pad to at- 
mosphere 

= Dynamic viscosity 
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the difference between the regulated supply pressure 
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quired direction of load support with the same basic 
elements and operation. 


Design Consideration: The dynamometer is sup- 
ported by the two hydrostatic bearings shown on the 
exploded photograph, Figs. 4a and b. Both bearings 
have self-aligning features. The spherical bearing, 
Fig. 4a, supports the axial load on the dynamometer 
as well as radial load. The other bearing of the pair 
is cylindrical to permit axial movement of the jour- 
nal and bearing to accommodate differential thermal 
expansion of the dynamometer stator and base. It 
will be noted that the spherical elements have been 
designed as solid pieces rather than being split as is 
usually done for spherical assembly. Assembly is made 
by rotating the mating pieces to engage, and then re- 
turning the pieces to their proper operating position 
after they are together. Also apparent in Figs. 4a and 
b are the rabbet plates which are bolted to the dyna- 
mometer trunnion nose for mounting tachometer 


and feedback-generator auxiliaries. These devices are 
thus cradled on the dynamometer stator frame, elimi. 
nating them as a source of dynamometer error. 

Lubricant for the hydrostatic trunnion bearings and 
the antifriction armature bearings is supplied by the 
oiling system shown in Fig. 5. The pump and oi! sup. 
ply are mounted remotely, and the oil is piped to a 
junction box on the dynamometer base where it is fed 
to each pedestal. Oil for the separate pressure pads in 
each pedestal splits at the bottom of the pedestal. The 
viscous restrictors are designed so that they may be 
removed for cleaning easily without any disassembly 
of the oil connections. 

The relatively simple construction of hydrostatic 
bearing, its long life characteristics, and the results 
attainable with it in reducing friction indicate that 
more widespread use might be expected. The field 
of application of the hydrostatic bearing as a low- 
friction support certainly does not appear to be lim- 
ited to the realm of highly special equipment. 





Monorail Stock-Transferring Crane 


VER 4 million pounds of bar stock, consisting of 

800 different sizes, are handled annually by this 
versatile crane. Specially built for General Electric, 
the 3-ton capacity unit uses seven different control 
functions in transferring stock. 

Main element of the equipment is the grab, a steel 
frame suspended by pulleys and cables, which is 
equipped with three movable forks and safety prongs. 
The operator’s cab and grab can rotate through 360 
degrees, and travel longitudinally or crosswise. The 
grab can travel vertically from one inch to 9 ft 6 in. 


above floor level, and tilts from 8 degrees forward to 
12 degrees backward. Forks and prongs rotate 90 
degrees, and the prongs can be raised and lowered. 
Through reduction in floor space requirements for 
storing the bar stock—about 50 per cent—total cost 
of the installation was recovered in three years. 





Cold-Weather Lubricants 


OUR new synthetic lubricants have been devel- 

oped by the Navy to help prevent jamming of 
20-mm aircraft guns at low temperatures. Lubricants 
used must not stick or jam the gun mechanism at 
temperatures from 170 F down to —70 F. Auxiliary 
heaters have been necessary below —20 F to main- 
tain a constant rate of firing, but with the new lubri- 
cants, one application suffices at all temperatures. 

Two of the lubricants, a light oil derived from 
adipic acid and a synthetic polyether grease, derived 
from natural gas, are required for periodic lubrication. 
The light oil lubricates the gun mechanism, and the 
grease is for the ammunition. Two other lubricants, 
an oil for the electric trigger mechanism and a grease 
for use in an automatic feeder, suffice for the life of 
the gun, and consist of silicones with minor ch: mical 
additives and a compound derived from sebacic acid, 
respectively. Both the adipic and sebacic-acid greases 
contain high-boiling alcohols derived from petro: hem- 
ical sources. 

Several other lubricants have been develop d 4 
part of the Naval Research Laboratory’s progr:m iD 
synthetic lubricants. A series of synthetic diester 
oils, for example, have proved useful in bomb s zhts, 
gyroscopes, compasses, synchromechanisms, fir: -coD 
trol computers and aerial photographic equipment 
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Materials evaluation and de- 
sign considerations for light- 
weight high-strength sec- 
tions utilized in developing a 
special aircraft cargo floor 


By Melvin Stone 
Design Specialist 





Face (skin) 


Honeycomb 


Douglas Aircraft Co. 
Long Beach, Calif. 


OR modern aircraft, the design of each structural 
en must be considered separately with re- 

gard to its particular function. The ultimate ob- 
jective always is to achieve the lightest construction 
possible. As a method of approach to these problems, 
aalysis and evaluation of several feasible designs at 
the preliminary stage have been especially effective 
in the development of the components of the C-124A 
transport airplane. Design of the cargo floor illus- 


trates how this method was applied in evolving a 
lightweight, high-strength floor which would meet the 
berformance requirements of a macadam roadway. 
One of the primary missions of the C-124A trans- 
bort is to supply the fighting zone with low, medium 


_— 
References are tabulated at end of article, 
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Fig. 1—Top—Panorama view of the C-124A airplane 
showing the different types of cargo which had to be 
considered in the design of the cargo floor 


Fig. 2—Above—Sandwich type material considered. An 
adhesive is utilized to bond faces to honeycomb core 


and high-density cargo of all types, Fig. 1. In the 
preliminary stages of the cargo floor design, it was 
necessary to consider the heaviest and most concen- 
trated cargo or vehicle loads as well as load factors, 
so that representative floor structure and covering 
could be ascertained. Primary loadings to be con- 
sidered were: (1) Uniform loading of 42,000 pounds 


185. 

























on an area of 16 by 20 inches; (2) uniform loading 
of 35,000 pounds on an area of 7 by 15 inches; and 
(3) uniform loading of 21,000 pounds on 8 by 20 
inches. 

For purposes of analysis the floor was divided into 
two parts; substructure and floor covering. Substruc- 
ture or underneath floor structure was the most crit- 
ical because other factors, such as bulkheads and 
frame spacing, depended upon it. Tests and theoret- 
ical calculations were used to evaluate the various 
preliminary designs. 


Floor Substructure: First consideration was given 
to an adhesive-bonded sandwich construction which 
would act as both the substructure and floor covering. 
This construction, consisting of a multilayer skin hav- 
ing thin, high-strength faces with a low-density core 
of honeycomb material, is shown in Fig. 2. The faces 
carry the major part of the loads while the core in- 
creases the stiffness of the section, keeps the faces 
from deflecting independently and stabilizes them 
against buckling. The function of the bond is to 
attach the faces to the core and also withstand the 
tensile, shear and crushing loads imposed. If the 
correct adhesive is used, glue failure will take place 
when the stresses in the metal approach ultimate, 
that is, the failure of the adhesive is determined by 
the elongation of the metal.!.2.3 

Two thicknesses of panels, five and ten inches, were 
investigated. These panels were attached at the sides 
of the fuselage and supported occasionally by bulk- 
heads below the floor. For the five-inch thick panel, 
0.250-inch 24ST Alclad faces with an aluminum 
honeycomb core were used having a weight of ap- 
proximately 9 psf. The ten-inch panel required only 
0.102-inch 24ST Alclad faces on the aluminum honey- 
comb core, reducing weight to approximately 61% psf. 


Fuselage 
frames 


Floor 
covering 


aluminum 
beams 


The ten-inch thick panel was lighter because of them” 
difference in face thicknesses—the loads imposed of 
the faces is a function of the panel thickness. Sheil 


thickness of the aluminum honeycomb core remained 
the same because the crushing load was not altered 


although the shearing stress was decreased. Other x 


honeycomb core materials, such as paper and fabric 


sheeting, were contemplated as a means of reducing 4 
the overall weight of the panels, but an aluminunf) ” 


honeycomb core was necessary due to its high shear 
and compressive strength. 


Continuing with the investigation of feasible floors 


substructures, the use of transverse beams across the 
fuselage, connected to individual frames as shown in 
Fig. 3a, was considered. Beams were placed approxi- 
mately twenty inches on center to match the frame 
spacing. These beams consisted of 75ST extruded 
caps with 0.125-inch 75ST Alclad webs and weighed 
approximately 31, psf. 

Use of longitudinal beams was examined but it was 
quite obvious that such beams could not be extended 
throughout the entire length of the floor and keep the 
weight reasonable. To supply the necessary support, 
transverse bulkheads to redistribute the loads to the 
side of the fuselage, were used as in Fig. 3b. These 
bulkheads were incorporated with the frames to which 
the hoist rails, for carrying the traveling crane, were 
attached. 

The frames utilized had been designed to occur 
at approximately every one hundred inches. For a 
weight-strength investigation the caps of the longi- 
tudinal beams were made continuous across the bulk- 
head. With beams placed approximately twenty 
inches apart, and including the transverse bulkheads, 
total weight was approximately 25% psf. 

This concluded the preliminary analysis of the sub- 
structures. The next step was to evaluate all floor 


Fig. 3—Types of substruc 
ture considered for the cat 


go floor construction 
Transverse beams 4 

nect to individual frame 
while longitudinal beams 
are supported by bulkhead 
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Table 1—Floor Covering Constructions and Weights 








10-Inch Beam Spacings 


Materials Weight (psf) 








20-Inch Beam Spacings 
Materials 





Weight (psf) 








_ Sandwich 0.064-in. 24ST Alclad faces, 2% 
7‘ aluminum honeycomb core 
Stiffened 0.072-in. 758T Alclad skins, 3 
_. skin corrugated aluminum-alloy core 
Plywood 0.695-in, thick, 9-ply, 2% 


birch skin-yellow poplar core 











0.156-in. 24ST Alclad faces, 5% 


aluminum honeycomb core 










0.102-in. 75ST Alclad skins, 4% 
corrugated aluminum-alloy core 
1yy-in. thick, 14-ply, 4% 





birch skin-yellow poplar core 





covering possibilities. In this way, a combined analy- 
sis of the two components, covering and substruc- 
tures, would permit a choice of the best construction 
for weight and strength. 


Floor Covering: Examination of the floor covering 
was based on the use of beams spaced either ten or 
twenty inches apart. Thickness of floor covering was 
not to exceed one inch in order to allow space below 
the floor for equipment items. The various floor con- 
structions considered are shown in TABLE 1. 

From the study made of sandwich construction for 
foor covering, it was found that excessive shear loads 
necessitated using higher strength core sheeting than 
was available at the time. Thus, in TABLE 1 this ma- 
terial has been estimated for weight comparison pur- 
poses only. 

Stiffened skin constructions were aluminum-alloy 
hat sections or corrugations attached to aluminum- 
alloy skins. This construction, as well as the sand- 
wich construction, transmits the bending load to the 
adjacent beams. 


Fig. 4—Below—Alclad sheet added between 
plywood and beams acts as a diaphragm 
to keep flexure stresses to a minimum 























025-in. 24ST 
Alclad 


Fig. 5 — Right — Ex- 
truded ZK60A magne- 
sium alloy beam with 
five - inch lightening 
holes undergoing com- 
bined shear and bend- 
ing tests 

























Plywood was the final floor covering material to be | 
considered. Birch-yellow poplar was employed be- 
cause it seemed to possess the strength qualities that | 
were best suited. This type of construction was dif- 
ferent from the other types of coverings considered | 
in that the plywood acted as a membrane to distrib- 
ute the loads to the adjacent beams. 


Design Evaluation: Using the information obtained 
from these preliminary analyses it was concluded that 
the lightest construction would be the longitudinal 
beam substructure at 10-in. spacing with a birch- 
yellow poplar plywood covering. Although the ten- 
inch thick sandwich construction was favorable from 
a weight-strength standpoint, other factors were not 
as good. The longitudinal beam substructure with 
plywood covering would be easier to replace and 
less expensive. Also, it could be adapted more readily 


eb acece 







Longitudinal beams 





Forward floor 





for attaching tie-down fittings and making necessary 
cutouts. 

With the floor construction selected it was neces- 
sary to establish the exact strength of the plywood 
covering by a strength test. In the first tests the 
0.695-inch plywood failed in combined shear and bend- 
ing at lower loads than were comtemplated. To add 
strength, 0.025-inch 24ST Alclad sheet was placed 
below the plywood and attached to the longitudinal 
beams at approximately ten inches on center, Fig. 4. 
This permitted a decrease in plywood thickness from 
0.695 to 0.460-inch, the Alclad sheet supporting the 
plywood continuously and acting as a diaphram to 
keep flexure stresses to a minimum. Final plywood 
selection was birch with a spruce inner core. The 
weight of the 0.460-inch plywood plus the 0.025-inch 
web was approximately 2 psf—a saving in weight 
over the 0.695-inch plywood. 

To establish floor design criteria, compartment 
ratings and maintain the center of gravity of the 
airplane, data on the vehicles to be carried had to 
be obtained. Models to 1/32-scale were made for all 
vehicles listed in Technical Data for Army Air Force 
Equipment as well as for other representative loads. 
These models were placed on a 1/32-scale floor and 
fuselage drawing in order to obtain the desired in- 
formation. From this data, floor design factors, such 
as location of cargo tie-down fittings, stowage of 
vehicles and cargo, and rolling positions of vehicles, 
were established. 

To permit the lightest floor members wherever 
possible, heavy structural members were to be used 
under the areas of heaviest load. Based on informa- 
tion derived from scale models, it was decided to use 
two treadway areas, which would support the maxi- 
mum loaded stowed vehicles, running the full length 
of the fuselage. This established a floor construc- 
tion having longitudinal beams spaced approximately 
101% inches on center in the track area. In the center 
floor area lighter beams spaced farther apart and 
having thinner plywood covering were used. Beams 
in the center area were kept far enough apart to allow 
egress below the floor. 

Simplification of the substructure beams was 
now undertaken. The original beams had thin 
webs attached to the caps with rivets. To elimi- 
nate the riveting and improve producibility, a 
one piece extrusion was considered. In order to 
maintain the strength-weight ratio a 75ST ex- 
truded beam was tried. However, the desired web 
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Elevator platform 


Transverse -beams 


Fig. 6—Diagram of cab 


main sections; forw. 
platform and aft 


Platform area Aft floor 


thickness was too thin to permit extruding and use 
of a thicker web would result in increased weight. 
Further study revealed that the beam could be ex. 
truded from ZK60A magnesium and, through the use 
of lightening holes, could equal the weight of the 
built-up beams of 75ST Alclad material.*-> In this 
particular instance, the magnesium alloy could actual- 
ly be used to advantage since the web could carry 
the shear load without buckling, thus eliminating the 
need for stiffeners. Also, with the increase in flange 
thickness, higher loads could be imposed without 
the threat of failure due to instability. 

For development strength tests, it was necessary 
to establish an exact cross-sectional area of the mag- 
nesium beams. This required a special! preliminary 
strength test to determine correct load distribution to 
the individual beams. For instance, it had been estab- 
lished theoretically that for direct loading in the 
track region, a beam would absorb fifty per cent of 
its load and distribute the rest to other beams. How- 
ever, the test established that only forty-two per cent 
of a load was imposed on a single beam, no matter 
whether the load was uniform or concentrated. From 
the preliminary strength test, the exact distribution 
of loads was determined and the cross sectional areas 
of the ZK60A beams were calculated. These areas 
were verified by single beam tests. Also, tests were 
made to check combined shear and bending on 4 
ZK60A magnesium beam with five-inch lightening 
holes, Fig. 5. 

The main cabin floor, as shown in Fig. 6, is divided 
into three parts: 


1. Forward floor. This portion of the floor supports 
the heaviest cargo items and is constructed with 
longitudinal beams. It extends forward and aft 
of the center of gravity of the airplane 

. Platform area. This portion of the floor is mov- 
able. It can be loaded with cargo on the ground 
and hoisted into the airplane by the use of an 
overhead traveling crane located in the fuselage. 
The platform can then be locked into position and 
become a permanent part of the floor. It is 80 
designed that its shortest distance is in the trans- 
verse direction. The optimum construction deter- 
mined was ZK60A magnesium transverse fioor 
beams with the 0.460-inch birch-spruce plywood 
covering 

. Aft floor. This constitutes a small portion of the 
main cargo floor. It is disposed from the center 
of gravity of the airplane and, therefore, carries 
lighter vehicles and cargo than the rest of the 
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fig. 7 — Mock-up floor 
est with 155-mm how- 


drawn across the floor 


floor. ZK60A magnesium transverse beams were 
used as substructure. Loads were light enough 
so that the beams could be placed twenty inches 
apart and co-ordinated with the existing frames 
thus providing for simple installation. The floor 
covering of 0.460-inch birch-spruce plywood was 
still maintained, however, due to highly concen- 
trated loads. 


Final Tests: Actual panel strength tests were made 
tefore installations were built up and used in produc- 
tion airplanes. Two panels were constructed to simu- 
late the longitudinal and transverse beam construc- 
tion. The forward main floor test panel, approximate- 
ly 300 inches long, was supported by a steel jig which 
simulated the airplane support structure. Longi- 
tudinal beams were supported every one-hundred 
inches by bulkheads. The middle bulkheads were sup- 
ported by universal fittings and steel tubes which ab- 
sorbed vertical loads but allowed fore, aft and in- 
board or outboard movement. The ends of the beams 
were pin connected at the end bulkheads. A breather 
joint consisting of a hat section was connected all 
around the perimeter of the panel and then connected 
to the jig. 

The aft floor test panel was approximately sixty 
inches long and was supported by a steel jig. Four 
transverse beams were double pin supported at the 
point of inflection. The location of the point of inflec- 
tion was chosen so that the results of the test would 
te conservative. A breather joint was also employed 
in this panel. 

Wheel loads for both tests were applied by means 
of hydraulic compression jacks on 70-Shore, hard- 
rubber pads, equivalent in area to loaded vehicle 
tires. Electronic deflection scales were used to record 
deflections. The tests proved the structure was ad- 
equate. 

Rolling load tests were conducted to demonstrate 
the strength of the main cargo forward floor sec- 
tion, These rolling loads were applied by a hydrau- 
lically operated test jig loaded with lead pigs. The 
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test jig was adjusted for an average speed of three 
miles per hour and sixty-inch travel with abrupt re- 
versals in direction. Approximately 3000 cycles were 
recorded without any signs of failure. 


A representative forward floor specimen was in- 
stalled on a C-124A wooden fuselage mock-up. Vari- 
ous vehicles including cranes, tanks; howitzers, etc., 
were winched and driven over the fuselage floor 
specimen, Fig. 7. Other tests also accomplished were: 


1. Wear tests were made by covering the plywood 
panel with various surface protection materials. 
Results showed that the birch-faced plywood was 
comparable to any of the surface materials for 
wear 

2. Mud tests were conducted by applying a consid- 
erable amount of mud on the ramp and floors. 
Even with the excess of mud, vehicles could be 
driven in and out of the fuselage mock-up. 

3. Endurance tests showed no signs of cracking or 
failure in the representative floor panel after driv- 
ing vehicles over it constantly every day for a 
period of a month. 


To comply with Air Materiel Command require- 
ments, a test was made to demonstrate the ability of 
the main cargo floor, as installed in the C-124A 
static test fuselage, to withstand the critical wheel 
and die-down loads. Excessive deflection and perma- 
nent set at limit load as well as failure at ultimate 
load were checked. Loads were applied by hydraulic 
jackets. The floor structure withstood all of these 
load tests and was, therefore, acceptable. In fact, 
these static tests permitted some ratings to be in- 
creased. 
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Cold Impact Forgings ‘debe 


... Of the strong aluminum alloys offers new op- 
portunities for simplification and cost reduction 


By R. A. Quadt 


Director of Research and Development 
Hunter Douglas Corp. 
Riverside, Calif. 


ESIGN engineers are not generally acquainted 
with the unusual design potentialities currently 
available in high-strength aluminum impact 

forgings or impact extrusions. This process utilizes 
standard forging alloys to produce shapes by cold 
extrusion or cold forging methods, Fig. 1. 
Aluminum impact extrusions are, to most engi- 
neers, for nonstressed parts such as toothpaste tubes, 
cans, and boxes and are made from soft alloys—usual- 
ly 2S. The use of the strong, heat-treated alloys in 
highly stressed parts is a relatively new development. 
Over the past year, Hunter Douglas Corp. has been 
producing Ordnance and aircraft components as cold 
impact forgings from heat-treatable alloys. It is the 
purpose of this article to review the design limita- 
tions and possibilities inherent in this fabrication 


Fig. 2—Cans and cups cold forged from 14S alloy and 

heat treated to the T6 condition. The three rectangulat 

cans, when cut in half axially, produce two “bathtub 

airframe attachment fittings. Walls are 0.130-inch thick. 
Large can on right is 83/, inches high 


Fig. 1—One of the mechanical presses at Hunter 
Douglas used for making impact forgings. For certain 
parts hydraulic presses up to 1000 tons are used 
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ethod and to describe briefly some components that 
ye been produced. 











When to Design as an Impact Forging: The fol- 
wing factors should be considered in determining 
ther a particular part may be most economically 











Mduced as an impact forging: 





1, When the properties of a hot or cold-worked alloy 
are required, impact forging. should be considered 
if other criteria discussed are also applicable. 
Generally speaking, castings will be cheaper if 
mechanical properties, pressuretightness, sound- 
ness, and tolerances are satisfactory for the appli- 
cation 

2. Shapes should be hollow. Cylindrical shapes may 
be round, rectangular, polygonal, or even conical 
or pyramidal. Symmetry is desired but not man- 
datory 

3. Side walls should normally require zero draft. 
One of the great advantages of the process is the 
fact that walls have no draft. At the same time 
this fact might also be considered to be one of the 
limitations. In many shapes however, draft on 
walls is for the convenience of the forging manu- 
facturer and, as in the case of aircraft components, 
generally the excess metal carried in the draft 

nted must be machined away 

ntly . Design should permit elimination of machining 

, operations. Parts can be fabricated to relatively 


— 


“a close tolerances. Critical dimensions can often be 
held. as close as +0.005-inch depending upon loca- 
cold tion in the part. Since all surfaces are smooth, 
with walls of zero.draft, and since the parts are 
ngi- produced cold, accurate dimensions can be held 
bes, and machining is usually limited to drilling and 
ual- tapping and similarly simple operations 
s inj » Production quantities should be required. Cold im- 
ent. pact forging of the strong alloys is essentially a 
ren high-production precision fabricating process. The 
sold need for 25 or 50 units would seldom justify the 


cost of dies and subsequent heat treatment of the 
the finished part. It would probably be cheaper to ma- 
ita- chine parts from bar stock. For quantities from 
tion 100 and up into the millions, the cold forging of 
applicable shapes is usually indicated. On certain 
types of small parts automatic screw machine 
operations can compete, but normally such is 
not the case. 
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Fig. 4—Close-up view of the octagonal can shown in 
Fig. 2. Axial section is shown on the left and starting 
forging slugs on the right 





Fig. 5—Sequence of operations in producing small 

Ordnance forging. Forging blank is punched from alloy 

plate and cold forged to shape. Finished machined 
parts sectioned to show interior 


Fig. 6—Landing gear plunger for nose wheel of jet 
plane developed in conjunction with Menasco Mfg. 
Co. of Burbank, Calif. Produced in one press operation, 

arts are shown as obtained from the die. Overall length 
is 21 inches, inside bore 19 inches long, OD 1.750 inches 
+ 0.010-inch, and ID 1.500 inches, + 0.010-inch. Alloy 
used is 14S-T6, and surface roughness is typically 63 
microinches, rms. Machining operations are required 
only on the closed end and flange of open end. Other 
similar parts up to 25 inches long by 3 inches OD by 
0.250-inch wall are in production 



















Fig. 3—Shell body for 
Army Ordnance (axial 
section) cold forged 
from 14S. Part is 
produced from a solid 
cylinder 
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Dimensional Tolerances: The cold impact forging 
or extrusion’ process is inherently a precision fab- 
ricating process. Relatively close tolerances can be 
maintained on many dimensions. Walls 0.100-inch 
thick can be readily held to +0.010-inch, while 
+0.020-inch might be required for walls over 0.150- 
inch and perhaps up to 0.300-inch. Diameter can 
be generally held to +0.010-inch and in some cases 
+0.005-inch is not unreasonable. Lengths require 
considerably more latitude and for some shapes might 
necessitate +3/16-inch. Can-type shapes are usually 
machined, trimmed, or belt sanded to length depend- 
ing upon requirements. 

It is difficult to stipulate a crystallized set of tol- 
erances since they can vary for alloy, complexity and 
geometry of the part. It is at this point that it is 
desirable for the design engineer to forward a pre- 
liminary drawing to the impact forging vendor for 
comments on configuration and tolerances. It is wise 
to include a drawing of the finished part to be pro- 
duced from the cold extrusion since it may be pos- 
sible to eliminate certain machining operations or to 
change tolerances that could result in reduced die 
cost or piece price. 


Available Alloys: Generally speaking, any commer- 
cial wrought alloy can be cold forged or extruded. 
There is a distinct difference in the press tonnage re- 


Fig. 7—Another example of a closed-end tube. This is 
an Ordnance component produced from the Hunter 
Douglas alloy HD-10. Typical properties on test bars 
machined from part: 52,000 psi tensile strength, 46,000 
psi yield strength, 6% elongation. No solution heat 
treatment of part. Diameter tolerances + 0.005-inch 


Fig. 8—Shell components. Unusual impact forgings 

from Hunter Douglas HD-11-T6 alloy. Inside of Ee is 

forged to size, eliminating need for internal machining 
despite close-tolerance requirements 


pe ae oo 


quired to produce parts in the different aluminum ; 
loys, and shapes that are commercially unfeasible jz 


some alloys may be easily produced in others. Econ. 


omy dictates that the engineer should not specify any 
alloy stronger than is required to meet stress need 
since a rough rule of thumb states that the stronge 


Table 1—Specification Mechanical Properties 
Aluminum Impact Forgings 


Elongation 
(% Min in 2”) 
Test Coupon Vorging 





Tensile Strength Yield Strength 
Alloy (psi Min) (psi Min) 


61S-T6 38,000 35,000 
A518-T6 44,000 37,000 





14S-T6 65,000 55,000 
75S-T6 75,000 65,000 
HD-11-T6* 50,000 42,000 
HD-10** 37,000 32,000 


* Hunter Douglas alloy. 
**Hunter Douglas alloy not heat treated. 





the alloy the greater the production difficulties and 
the higher the cost. 

The high-strength heat-treated alloys would he 
14S, A51S, 61S, and the Hunter Douglas HD-11, 
TABLE 1 lists the specification properties that parts 
must meet. It should be noted that these are identical 
to commercial hot forging specifications such as Fed- 
eral Specification QQ-A-367c, “Aluminum Alloy 
Forgings, Heat Treated.” 

Alloy 75S has been spe-ified for some airframe im- 
pact extrusions but, for the present at least, its use 
should be limited to the simpler shapes. For ap- 
plicable parts 75S represents a satisfactory alloy but 
it appears likely that its cold forging properties will 
be inferior to 14S on more complicated shapes. 

For engineering applications involving moderate 
loads in service, the nonheat-treated alloys are satis- 
factory. Compositions such as 52S, 4S, and the Hunt- 
er Douglas HD-10 alloy would be quite satisfactory. 
They are generally more readily cold forged than the 
heat-treatable alloys, hence piece price is lower. Pub- 
lished mechanical properties are not generally avail- 
able for these alloys fabricated as impact extrusions, 
although a set of minimum specification properties for 
the HD-10 alloy is given in TABLE 1. This specifica 
tion has been used with notable success for a com- 
plex Ordnance shell component. The alloy happily 
combines ease of fabrication with high mechanical 
properties in the as-cold extruded condition. 

Nonstressed cans, covers, and comparable shapes 
can be produced from the softest, lowest cost, and 
most formable materials such as 2S and 3S. This 
type of part is familiar to design engineers, and 0 
further consideration of these soft alloys is valid in 
an article concerned primarily with stressed parts. 


Applicable Designs: The parts shown in Figs. 2 
8 represent specific applications of impact forgings 
in the production of components to be used in stressed 
assemblies. Many other configurations wil! occur 
the ingenious designer who has the problem of recom 
ciling a needed shape with stress requirements and 
procurement costs. The use of a cold forging or & 
trusion may well represent an optimum compromise. 
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Fig. 22—Control charts assist in eliminating 
human variations but are only as good as the 
instruments used and the men who make and 
record the measurements 










By: Dorian Shainin 
Chief Inspector 

Hamilton Standard Division 
United Aircraft Corp. 

East Hartford, Conn. 
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Part 4-Human Elements In Production 
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~ OW often is it that engineers find it necessary statistical techniques do help control quality of prod- 
Junt: to “design out” the human element! Faced ucts, Fig. 22. 
tein with the inevitable fact that trouble will never Shewhart control charts (by variables) let the op- 
. the atirely be avoided until a “foolproof” design is erator do some good reasoning. He has a real way ; 
Pub- wolved, the tendency most often is toward complete of not letting his judgment be influenced by only a 
vail: automaticity. few of the innumerable variables that are constantly ; 
; The problem is familiar; but the right answer is not operating in any process. Charts give clear indica- ; 
310NS, p ° ° ° . ° ° ° ° “ 
ie ilways so easily resolved. Designing out this element tions upon which he can depend: either no significant ' 
n generally does ease the problem, but now and then it changes have taken place or the position of a whole 
_ ‘ is either impractical or impossible to do. Many more distribution must have been shifted or widened suf- 
a times it would be preferable not to have to do it. ficiently so that it would pay to take some corrective 
5 it Why not try to understand it? Study the human action. The indication is the position of the suc- 
ne element, learn its traits, and plan to reduce its effects cessive average and range points with respect to the 
ty other means. This can be a real aid to the de- control limits. They show whether or not that ma- 
ye signer. By influencing the human element certain chine or process needs to be reaimed. Avoided is the 
a 
This 
d no 
id in 
S. MANY DESIGNERS feel that, regardless of how production is han: 
9 to dled, the general spread of tolerances produced will largely fall into a 
“ings fairly typical distribution. This is often not the case. To understand 
seed why, and further how quality control can provide reliable results desired 
on in design, this part of the series treats the human elements which wield 
con . , 
and strong influences in production operations 
r ex: 


nise. 





MACHINE DESIGN—October 1952 






—_——_ 


wert err 


A — Fe 


| 
Tennent 
2 _ 


human failing of being lulled into security just be- 
cause a part checked now and then meets specifica- 
tion requirements. The chart applies a valid statisti- 
cal test to the data. It tells whether the net effect 
of all the variables is stable and like it was previously, 
or not. 

It is good to know when to take action before real 
trouble begins. But equally important you should 
know when to leave things alone. There are times 
when a human wants to be extrasafe. So he is ready 
to make an adjustment because a reading or two 
looks as if the process may be wandering off its former 
position. This “conservative” action by the operator 
will only put more variation into his output. With 
the chart instead he can see when to leave things 
alone. 

Making valid corrections, the first characteristic 
mentioned, markedly cuts the amount of scrap and 
rework. The second, leaving the process alone, in- 
creases the production rate. For operations that are 
manually controlled at least a ten per cent increase 
can be obtained. 


Why Uncontrolled Production Tolerances are Un- 
predictable: Most operators, and even supervisors, 
feel strongly about staying away from the allowable 
limit reached by maximum stock removal. They 
reason that material left for possible rework keeps 
one out of trouble. Too many of these people do not 


Fig. 23—For a multi-operation sequence on a single 


piece, only one result picked at random can be employed 
for a rational subgrouping 
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think at the same time of variation as being ineyit. 
able or that its amount cannot be neglected. Thege 
two traits result in a warped distribution bunched 
close to one limit and inevitably a portion lies beyond 
specification. 

This human desire to be safe instead can be made 
to react favorably with a p or fraction-defective chart, 
The trend of the chart of Fig. 16 of Part 3 is not at 
all unusual. Rather high values of fraction-defcctive 
pictorially indicate to the operators in a department 
their poor performance. The picture results perhaps 
in an unconscious attempt by everyone to do better. 
The next points that then show some improvement 
simply kindle the flame into a real blaze. Time after 
time, in industry after industry, the use of a simple 
p chart has brought about an almost immediate re. 
duction in fraction-defective. The variation finally 
levels out and oscillates about an average value thal 
represents about the best that can be done with the 
department as far as the human element is concerned. 

Even an entirely automatic process has a human 
element. Someone has to decide when the machine is 
set correctly and to allow it to start its automatic run. 
Generally the setup man adjusts the process by oper- 
ating the machine until it produces at least one item 
of product which he feels is satisfactorily located 
within the tolerance band. Then he releases the oper- 
ation. All he really knows is that some of the future 
production can be expected to fall within limits. A 
statistical technique can add useful information to 
his opinion. Reset-Run cards test whether the proc- 
ess is centered correctly, based on the inherent varia- 
tion that can be expected. It takes out of the realm 
of guesswork the decision as to just how many initial 
parts need to be measured for each setting. 


Effects of Sample Selection For Production Control: 
Samples for a control chart should be selected in the 
order in which they are produced. “Rational or rea- 
sonable subgrouping” describes this phase of human 
endeavor that must be carefully watched to make a 
control chart valid. The chart should distinguish be- 
tween chance variations and ones due to assignable 
causes. Control limits are figured from a steady or 
stable pattern. When average or range points fall 
outside this pattern, an extra bit of variation has 
come into play. Unless care is exercised to keep 
sample points in the order of production, extra vari- 
ation, if it exists, can become mixed with the stable. 
An apparently wider, stable pattern will obtain, and 
it will not be apparent just when the change that 
needs to be corrected took place. 

Also, under the heading of rational subgrouping 
rests the idea of a control chart being a test of agree 
ment between the sum or average section of the chart 
and that for ranges. In other words, random samples 
taken from a single parent distribution will have their 
averages and ranges fall within certain widths o 
spreads. A control chart that shows a wide distribu- 
tion of averages and an unusually narrow spread of 
ranges, or vice versa, clearly shows that this test is 
being violated. Something is wrotig. The selection of 
samples or subgroups was incorrect. 

Consider a multispindle machine. The same tool 
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joes the same operation on different bars of stock 
in the spindles. If the measurements for each point 
mm your control chart come from a sample of pieces 
fom different spindles, then the range will be a 
measure of the variation among the spindles while 
theeaverage points will stand for variation that occurs 
fom one time to another. The two have no connec- 
tion and cannot be expected to appear as if they were 
random selections from one distribution except as a 
very unusual coincidence, Fig. 23. 

Another example is the grinding of four parallel 
grooves in one piece. It appeared convenient to the 
operator to use the four width measurements from 
each piece as a sample of four readings for each point 
on the control chart. Here the ranges were small in 
that one setting of the machine took care of grinding 
all four grooves. There was very little difference 
among these widths but the average from one piece 
to another of these four readings showed a big differ- 
ence due to a new setting for every piece. Since con- 
trol chart limits are calculated from the average 
range, the chart looked as if it were continually 
out of control in the average section. 

The solution in both cases comes from taking the 
sample in a reasonable manner that does not violate 
the built-in test of agreement of control chart theory. 
In the first instance, one spindle at random from 
each cycle as one measurement, or a separate control 
chart for each spindle should be used. For the multi- 
operation sequence on a single piece, only one result 
picked at random from the grooves in each piece 
should be used to make up the values for the sample. 
In this manner the statistical difficulty generally en- 
countered is avoided. 

Another factor in how samples are taken depends 
upon the main purpose of the control chart. Sample 
selection is important whenever it is undesirable to 
Measure every piece made, as is usually the case for 
anything close to a moderately high production rate. 


If the plan primarily is to control the process, sample ° 


readings should be taken from a group of successive 
pieces. Then, if “in control’, the process is allowed 
to continue for a while before again taking a group of 
adjacent pieces for the next sample. 

Perhaps the main objective is to use the control 
chart for acceptance purposes, controlling the process 
being a secondary goal. Here the sample should be 
made from pieces following each other at periodic in- 
tervals, rather than directly one after another. The 
order of production is maintained but the sample read- 
ings are spaced. For acceptance purposes, this tech- 
nique gives a broader picture of the overall level of 
Variation. In the case for process control, care must 
te taken to make sure that the pieces in one sample 
would be more like each other so if a change takes 
place it will stand out rather than possibly be dis- 
guised by its being only part of the sample. 


Frequency of Samples: The question of frequency 
of taking samples is often asked but is seldom an- 
swered specifically—the risks connécted with the reply 
are rarely defined. Usually the answer is that it de- 
bends upon how well the process, from past experi- 
ence, seems to be able to hold its stable condition. 







While this is true, it is again dependent upon the 
opinion of the person making the decision. 

The answer can be reduced to a simple ratio be- 
tween the inherent spread of the stable variation and 
the width of the allowable specification. Also tied in 
is the relative position of the natural variation within 
the allowable. In other words, if one of the three- 
sigma limits for the spread of individual pieces is very 
close to one of the specification limits, then practically 
all the work must be inspected. But, if a great deal 
of room exists between the three-sigma limit and the 
nearest specification l:mit, then samples at much long- 
er intervals provide an equal risk. In fact, the risk 
can be computed at whatever level desired. 

An example of this sort of thinking is represented 
in Fig. 24. The calculations have resulted in a chart 
for sum and range control charts using a sample size 
of four. The risk of this plan is expressed as an 
average outgoing quality limit (AOQL) of 0.3 per 
cent. Protection of this type is obtained as follows: 

A certain sensitivity is utilized in plotting a sum 
and range chart; that is, a cell or line interval. Sums 
and ranges are carried to the nearest 0.001-inch or per- 
haps to the nearest 0.0002-inch for each line. Step 1, 
then, in terms of the intervals selected, is to deter- 
mine the number of lines from the average or mean 
line to the control limit for sums. Step 2 is to deter- 
mine how many such intervals there would be from 
one-fourth of the average of the sums to the nearest 
specification limit. These two numbers entered into 
Fig. 24 result in an intersection in one of the several 





































































bands shown. The first number shown in the band 
gives the number of successive subgroups or samples 
that must be measured and found to be within control 
limits. The fraction that follows indicates how often 
to sample in the future. In other words, the fraction 
1/3 means that one sample is taken for every possible 
three samples. When employing a sample size of 
four, four pieces must be measured, then eight passed 
by, the next four measured, and so forth. Whenever 
one of the sum or range points falls out of control 
some corrective action is necessary along with a re- 
turn to measuring the number of successive samples 
in a row indicated by the first number in the band. 
Too, this means 100 per cent inspection for that 
period. The correct number of pairs of points inside 
the sum and range limits will qualify returning to 
sampling at intervals. 

At times material will be released by this periodic 
sampling and at other times by checking all the work 
produced. In the long run, the mixture of material 
released by these two methods will be held in its net 
defectiveness to a value equal to or less than three 
out-of-specification pieces per thousand. Charts sim- 
ilar to this one could be worked out of course for 
other risk levels or sample sizes. The figures would 
be considerably more liberal if a greater AOQL could 
be considered acceptable. The method used comes 
from the Continuous Lot Plot theory that follows. 


Confirming Control: A control chart is only as good 
as the man who made the measurements and recorded 


HAMILTON 
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them—and as the measuring instruments used. The 
reasons a control chart does not always guarante 
that control was complete can extend from pure dis 
honesty, through misunderstandings, and end up with 
oversights, interruptions, or fatigue on the part of 
the operator. A check is necessary and inspectioy 
enters the picture. The inspection results should be 
independent of the operator who made the readingy 
and of his gages. But it should confirm or deny that 
the process was being kept in control. This inspection 
should also be as economical as practicable. The Con. 
tinuous Lot Plot was developed at Hamilton Standard 
for this purpose. 

It is a sampling plan by variables that has been 
developed particularly for economical inspection o 
good material in successive small lots. It will usually 
pay whenever the quantity in each lot runs anything 
less than 250 parts. It permits occasional sampling 
whenever the material is running well within the 
specification limits, but it clearly and safely an- 
nounces those lots or portions of lots that will have 
to be completely detailed because they are suddenly 
in danger of exceeding the tolerance limits. 

Th Continuous Lot Plot starts with the filling out 
of a Lot Plot form for the first thirty-three piece 
made. It may take more than one lot to accumulate 
this total. 

The Lot Plot is another sampling plan by variables 
that will be described in the next part of this series. 
It is effective for lots where the order of production 
is unknown, as would be so when material is received 
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fom vendors. It becomes the most convenient plan 
to use Whenever the material may be beyond specifica- 
tion, but usable, or arrives in rather large lot sizes. 
The sample size used for these standard applications 
of the Lot Plot is a fixed 50 pieces selected at random 
from the lot. 

In this application a slightly modified Lot Plot 
grves simply as a first step to be able to employ the 
Continuous Lot Plot. From the frequency distribu- 
tion, Fig. 2 of Part 1, shown on this introductory Lot 
Plot, Fig. 25, the upper and lower lot limits are calcu- 
lated as being equidistant from the average, the line 
marked X. These limits represent size values on the 
left-hand vertical scale that can be expected to occur 
mly at the rate of about one to two parts per thou- 
sand pieces. For all practical purposes these can be 





Table 1—Conversion of Sums of Ranges to 
Three-Sigma Limits 





Sums Cells 





23 5.0 
24 5.2 
25 5.4 
26 5.6 
27 5.8 
28 6.0 
29 . 63 
30 6.5 
31 6.7 





considered as the natural tolerance limits for the 
process. 
The X line and the lot limits are found from this 


procedure : 


1. Cut out the column of printed plus and minus line 
numbers from a blank Lot Plot form 

2. Place this column vertically on the right-hand end 
of the frequency distribution on the Lot Plot so 
that the printed zero cell falls directly on the hori- 
zontal row of measurements that contains the 
largest number of entries 

. Move this cut-out column to the left and note 
whether the +1 or —1 cell uncovers the most 
readings. In the case of Fig. 25 the +1 cell has 
one more value in it than the —1 cell 

. Multiply this excess of one by the cell value, plus 
one, to give a product of plus one. Write it down 
in the right-hand column above the written zero 
that is also there 

. Move the column further to the left, noticing the 
+2 and —2 cells. Here the —2 cell has an excess 
of one reading and this one times minus two 
equals minus two, the entry at the right 

6. This process is continued. One extra value is 
found in the +3 cell as compared to the —3, but 
the +4 and —4 cells just balance out in this ex- 
ample 

. The results in the right-hand column are added, 
paying attention to the signs, the total in this 
case being plus two 

8. Multiply this answer by three, and divide by 100 
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to give a figure for the average of plus 0.06. Tak- 
ing 3/100 of the net unbalance of the distribution 
is equivalent to taking 1/33. This means the X 
line is located at 0.06 of a cell above the midpoint 
of the cell used as a starting point for zero 


. The first five pieces inspected were entered as 


five ‘1’s” in the Lot Plot. The next five readings 
were marked as “2’s”, etc., ending up with three 
“7’s”. To see how the results are plotted, notice 
that the listed values in the extreme left-hand 
column are labeled and positioned as the values of 
the printed lines. Any piece must give a meas- 
urement that falls between a pair of lines on the 
gage, so the first five pieces received from the 
shop are entered between the corresponding print- 
ed lines on the form 


. This numbering makes it easy to fill in the range 


values, further to the right on the form. Counting 
from the lowest “1” to the highest “1”, starting 
with zero, four is the range of the first five meas- 
urements. From the lowest “2” to the highest “2” 
we get zero, one, two, three, giving a range of 
three, and so forth. The six ranges are counted 
in this manner. The three “7” values are not 
counted in this way as they were only entered 
to facilitate the computation of the average 


. Total the six ranges, which in this case gives 23. 


TABLE 1 converts this summation of the range 
values to three standard deviations in terms of 
cells. The result of five cells is then counted up 
and down away from the average line to fix the 
positions of the upper lot limit and the lower lot 
limit 


. Pick out the lot limit that is closest to a specifi- 


cation limit and determine the number of cells 
from it to that specification limit. Enter with this 
value in the left-hand scale of Fig. 26. Read over 
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to the right on this chart to the curved line that 
corresponds to the sum of the ranges from the 
Lot Plot. In the example of Fig. 25, using a value 
of 2.44 cells, read over to a curve that would cor- 
respond to a range sum of 23. This gives a Con- 
tinuous Lot Plot plan that requires 30 successive 
pieces to be found within lot limits to permit 


sampling at the rate of one out of every three 
pieces 


. Enter the results of the future sampling of one 
out of every three pieces on the Continuous Lot 
Plot form shown in Fig. 27. The “1’s” here cor- 
respond to the pieces sampled from the first lot, 
the “2’s’’ from the second lot, and so forth. 


It is only when one of these numbers is found to be 
outside of the lot limits that the next thirty pieces 
have to be checked and found successively inside the 
lot limits before sampling can be resumed. If, say 
28 pieces are found within lot limits and the 29th is 
outside, the process must be started again from one 
to try to find the next thirty within these limits. The 
result of following this plan, in the long run, will keep 
the material involved to an average outgoing quality 
limit of 0.3 per cent, or no worse than three defective 
pieces (beyond specifications) per thousand. This 
plan effectively keeps tabs on the shop. It tells when 
the processes are being left alone. Also it warns 
when the human element is disturbing things to such 
an extent that a different inspection rate is required 


to keep the possibility low of defective material being 
passed. 


\LTON 
_ CONTINUOUS LOT PLOT 


PART NAME 


STANDARD PROPELLERS 


What Really Controls Production Results: It migh 
be well worthwhile to consider how the actual results 
of detailed production are determined. Certainly sho 
gaging physically controls them most directly. The 
operator reads his gage, whether he uses a chart o 
not, and tries to get certain results by adjusting his 
machine accordingly. Next in importance comes the 
shop operator. He has human traits—how he use 
his gaging, runs his process, handles raw stock, etc 

Three other factors that also control the actual di 
mensional averages and variations therefrom are the 
fabricating equipment, inspection gages, and the in 
spectors. The drawings only serve as the first ap 
proximation of what three of the five factors-—shop 
gages, manufacturing equipment, and _ inspection 
gages—should be. Quite often the drawings are not 
used at all once the “tooling” is picked. Vendors 
realize that parts can be made better to the pur 
chaser’s inspection gages rather than to his drawings 
and often with less question. 

The statistical techniques serve as the only eco 
nomical control of the condition of equipment and o 
the part the operator and inspector as humans pla) 
in establishing the actual sizes obtained. They bid 
well to bring closer the agreement between results and 
the drawing requirements. This is the key reaso 
why designers will find their understanding and use 
invaluable in employing realistic tolerances so draw- 
ings will gain proper respect. The next part in thi 
series will consider “The Human Element in Inspec: 
tion”, basic material on realistic tolerances following 


PART NO. Arr-14— 
SAMPLE size 20- 2 


ac 
Ses 


SOMSRADERRORESS 
AAANAARUMAAMOMES 33: 


na 
CEE he 
Hil 


MACHINE DESIGN—October 195% Msce 





igh 
sul 
sho 
The 
t 0 


=> 


uses 
ete 
] di 
t 


=> 


ap 
shop 
‘tion 
oy 


eco 


4 Your Engineering 
4 Attributes 


dong dow do they meet the qualifications of industry 
puffer professional accomplishment and personal 
iN§suecess? Here, in order of importance, are the 
necessary qualities for engineering achievement 


do 
play 
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pat By J. Kenneth Salisbury 
ASO. Division Engineer 
Thermal Power Systems Div. 
use General Engineering Laboratory 
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VERY normal industry in this 
nation that is led by intel- 
lgent forward-looking executives 
wants to improve. Industry does 
lot assume the character of its 
financial statement or of its phy- 
tical facilities; rather, it assumes 
the character of its people—people 
who are identified by their per- 
nal characteristics. In the long 
Mm, therefore, industry can im- 
Move itself only by adding em- 
jloyees with desirable character- 
What are the desirable character- 
lsties that we’d like to find in en- 
msieers? To me, there are 15 vital 
mWalities. The first five are ab- 
lutely essential for an engineer 
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General Electric Co. 
Schenectady, N. Y. 


to attain the acme of professional 
accomplishment and standing. We 
may class these qualities, therefore, 
as indispensable. The second group 
We may class as essential and the 
third can be called important, al- 
though I doubt that this word is 
strong enough. 

Any single engineer who pos- 
sesses all of these good qualities 
is a superman. All of us, on the 
other hand, have most of these 
qualities to some degree. 


Indispensable Qualities: Although 
developed formally in a college en- 
gineering course, technical ability 
usually is also the product of one’s 
environment, hobbies and natural 
inclinations. It can be divided into 
two major subdivisions: creative- 
ness and ingenuity, and analytical 
ability. Only rarely does an engi- 
neer of high technical ability 
possess both to an outstanding de- 
gree. 

One normally tends to catalog 
engineers either as analyzers or 
as synthesizers—the analyzers are 
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ABSTRACTS 


the appraisers and evaluators; the 
synthesizers are those who are 
creative and ingenious in devising 


new ways of doing things. This 
sharp division is somewhat fal- 
lacious, however, because there is 
considerable overlapping. 

Aggressiveness must accompany 
technical ability. One must, for 
example, have the energy, the vigor 
of intellect, and the spark to exer- 
cise his technical ability, or it 
avails him nothing. He must have 
the will to win. 

Every engineer with experience 
in industry has encountered the 













person of superb technical compe- 
tence, capable of handling with ease 
fourth-order differential equations, 
or solving the most difficult prob- 
lem in thermodynamics, but incap- 
able of initiating the accomplish- 
ment of any useful objective. 
These people tend to sit in a 
corner and wait for their problems 
to come to them. They perform 
beautifully when given a specific 


assignment and a date on which it 
must be completed. They do not 
initiate new work in which they 
can make advantageous use of 
their special talent. 

On the other hand, all of us have 
known pepole with mediocre tech- 
nical ability who are continually 
thinking about the job, and who 
perform assigned work expeditious- 
ly to the full extent of their some- 
what limited abilities. 

These are the aggressive ones— 
the ones who are outstanding per- 
formers when used within the 
limits of their technical abilities. 
They move swiftly and surely. 
Things happen when they are 
around. Often such people have a 
high degree of intelligence and 
horse sense but are not naturally 
gifted in technical matters. They 
recognize their limitations, and it 
is the problem of management to 
make available for their as- 
sistance others who excel them in 
purely technical matters. Thus is 
formed a team that has more ca- 
pacity than the sum of the capa- 
cities of the individuals. Leaders 
in industry frequently have aggres- 
siveness as their outstanding char- 
acteristic. It is the high-octane 
quality that drives them to top 
accomplishment. 

Understanding of human rela- 
tions is vital in the business world. 
The aggressive engineer who does 
not comprehend through his under- 
standing of human relations the ef- 
fect of the averessiveness on his 
associates is likely to incur their 
serious displeasure, and as a result 
fail to obtain their co-operation. 

Skill in human relations implies 
an innate personal kindness —a 
tolerance toward the shortcomings 
of others. Above all, it requires 
fairness in dealing with people and 
a generosity of spirit. In a super- 
visor it requires a comprehension 
of the things that motivate the 
individual, a recognition of his 
merits, and a knowledge of his 
weaknesses. 

Only rarely in- industry does an 
engineer make a complete failure 
of his career through lack of tech- 
nical ability alone. He may be con- 
signed forevermore to the ranks of 
mediocrity, and his professional at- 
tainment may be at a very low 





level. Nevertheless, he usually is 
permitted to earn a satisfactory 
living, and to fill a place in indus- 
try however lowly it may be, pro- 
vided he gets along with his fellow 
workers. 

On the other hand, there are 
numerous failures in industry that 
result from lack of understanding 
of human relations. These are the 
people who within the first minute 
of a conversation arouse a feeling 
of antagonism. These are the ones 
who disregard the rights and sensi- 
bilities of others, who rise by step- 
ping on the shoulders of their as- 
sociates. Such gains are transient. 
They are effective for a brief mo- 
ment, but they build up a perma- 
nent deficit in the human-relations 
account. They presage the future 
lack of co-operation by others that 
limits the engineer’s accomplish- 
ments. 

It has long been my opinion that 
the key to all understanding of 
human relations lies in a ‘single 
word—sincerity. The man who is 
really and truly sincere never has 
difficulty in getting along with his 
associates. His objectives, his mo- 
tives, and his activities are known 
and understood by everyone. 

It is the cagey ones, the tricky 
ones, and ones with ulterior mo- 
tives who have difficulty. It is 
the ones who “speak not as they 
think” that have trouble. This does 
not, obviously, prohibit the use of 
tact in one’s dealings with his fel- 
low engineers, but it does complete- 
ly eliminate untruths and _ half- 
truths, and concealment of perti- 
nent facts. 

Responsibility is the fourth indis- 
pensable characteristic. The suc- 
cessful engineer must have high 
personal and company standards of 
responsiblity. He must be willing 
to accept responsibility even though 
it is not specifically thrust upon 
him. He must assume that he is 


personally responsible for the gy. 
cess of the endeavors in which he 
is engaged. He must accept re. 
sponsibility for failures like a man 
and he may also, though modestly, 
take unto himself responsibility for 
successses. 

Moreover, he must realize that 
he and his company are one and 
the same. He must relieve his bogs 
of concern for the project assigned 
to him. In return his boss is ob- 
ligated to support him in a!l rea. 
sonable requests for assistance. He 
must make decisions, but at the 
same time have the good judgment 
to consult his superiors on any 
questionable decision that he may 
be called upon to make, becauseffi 
such sagacity is actually the es. 
sence of responsibility. 

Personal integrity, the fifth in- 
dispensable quality, may also be 
called highmindedness. It is the 
all-consuming insistence of the en 
gineer that he do what is right at 
all times. It is character. Those 
who lack it—who are too smooth 
who are too clever in the repre 
hensible sense—are limited for 
ever. 

Personal integrity implies an in 
trinsic honesty, an_ intellectua 
fairness in all things, and good 
judgment. It is sincerity. It is thé 
quality that speeds transaction 0 
the day’s business. It is identified 
by promises that are kept, thougl 
made in a word or two, even whel 
forgetfulness might provide 
plausible excuse. It eliminates th 
need for written instructions, an 
for confirming memoranda. 


Essential Qualities: First of th 
qualities essential to a_ brillian 
career are leadership and organi? 
img ability. They can be develope 
by all engineers, even in the earlie 
years. Leadership is the produd 
of many things, including the fiv 
indispensable characteristics. 

Invariably, leadership  includé 
the important ability to  inspi 
one’s associates. Inspiration fr 
quently is the result of one’s Co 
duct of his own personal job. 4 
emulation of the boss’s approach 
problems is natural and norm 
The members of his organizati 
nearly always reflect his standar 
and aspirations. For this reas! 
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then, if for no other you may de- 
mand that your boss be a superior 
person. Indeed, he must be, if you 
wish to improve yourself. Subcon- 
siously you will acquire at least 
sme Of his personal character- 
istics. 

Administrative ability has been 
typified by one accomplished en- 
gineer Of my acquaintance in one 
word—-persuasiveness. To convince 
others to do things, one must clear- 
ly explain the overall objectives, 
the logic behind the method of pro- 
cedure, and the worthwhileness of 
the objective. Only when subordi- 
sates can carry on without assist- 
/@ ance from the leader has he accom- 
japlished the basic purpose of organ- 
ation: delegation of responsi- 
Me bility. 

Responsiveness is my own pri- 


infvate term for a combination of 


characteristics. It is a willingness 
e™to see the boss’s point of view, and 
a intense desire to carry out any 
rasonable objectives laid down by 
@ him. It is co-operativeness, prompt- 
ness, reliability, dependability. 

Engineers in industry are expect- 
a to have initiative and original- 
ity, and to require only occasional 
supervision. A large part of what 
they actually do is self-inspired, 
md intended to be. Occasionally, 
@iowever, a specific instruction is 
given by a superior, either on a 


mall task, or on one of consider- 
ible duration. Such instructions 
thould take priority over self- 
‘Buspired work, which must be de- 
fred until the specific objective 
‘§* accomplished. Responsiveness is 
hat characteristic which causes 
the engineer to set to with a will, 
finishing the work completely, and 
‘§" the shortest possible time. 

Adaptability increases the use- 
liliness of any engineer. He must 


be willing to undertake any as- 
signed job, and to devote his every 
effort to mastering it, regardless of 
whether it is his personal choice. 
Adaptability is a willingness to 
work under handicaps. Regardless 
of where an enginéer works, there 
are situations that are not palat- 
able to him, that make it more dif- 
ficult for him to carry out his as- 
signed responsibilities, and that 
slow him down. One must be adapt- 
able, and willing to accept these 
things, because they exist univer- 
sally, and appear in many forms. 
Prospective is the quality that 
permits an engineer to assign cor- 
rect relative importance to all 
things within his scope. It is the 
quality that permits him to make 
approximations when they are 
justified; it is the quality that im- 
pels him to work on things which 
are important to his company, or 
which may be important in the fu- 
ture. The man who has perspective 
invariably does first things first, 
relegating nonessential items to a 
later time in his work schedule. 
Perspective is the quality that 
enables an engineer to understand 
his position in an organization and 
in a company. Also, it enables him 
to assume authority when he 
should, to delegate it when he can, 
and to consult his superiors when 
it is advisable. An engineer with- 
out perspective is a ship without 
a rudder. Although experience is 
bound to improve perspective, per- 
spective is basically a native talent. 
Engineers with perspective are able 
to select the critical problems, the 
ones that are really pressing, be- 
cause they clearly see the overall 
size and shape of the main issue. 
Introversion and extroversion are 
very personal qualities which, when 
they appear in combination, are of 
tremendous value to an engineer. 
The introvert is the thinker—the 
man with internal self-confidence 
that can result in useful, progres- 
sive, forward movement, On the 
other hand, for maximum achieve- 
ment the engineer must combine a 
modicum of extroversion with his 
normal introversion. His introver- 
sion enables him to seclude himself, 
and after objective study, to arrive 
at the right answer. However, his 
extroversion then enables him to 


sell it to his associates and to his 
superiors. No idea, regardless of 
its worth, is of value until it is 
implemented. 


Important Characteristics: In 
both company and business, ethics 
are the responsibility of the engi- 
neer. It is easy for an engineer 
to live in his environment if his 
personal code of ethics is consistent 
with that of his company. It is 
hazardous and unpleasant for him 
if it is not. 

Cost consciousness is an impor- 
tant attribute — consciousness not 
only of dollars but also of man- 
power, of materials, of effort. 
Every engineer eventually controls 
to some degree the expenditure of 
these ingredients of his company’s 
products. He must exercise this 


control wisely, and with perspec- 
tive. 
Confidence is tremendously de- 


sirable. The engineer must have 
confidence in himself, and in his 
company. He can then give to those 
with whom he works the strength 
of spirit and the morale that are 
essential to forward progress. Con- 
fidence does not mean cockiness. 
It is rather a quiet conviction of 
competence and adequacy. It is 
born of experience—past successes. 

Efficiency causes one to econ- 
omize on his time, to plan his work 
well, and to exercise extreme self- 
discipline. To a very considerable 
extent, it is the young engineer’s 
integrated effort over his first 10 
years in industry that measures his 
accomplishment at the end of that 
period. His work is not only in 
the interest of his company but 
even more in the interest of self- 
development. It is my firm belief 
that the individual profits far more 
by his own intensive effort than 

(Continued on Page 277). 
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RIGID PLASTIC PIPE 1 
... has greater tensile and flexural strength 


Carlon Products Corp., 10225 Meech Ave., Cleveland 
5, O. 


Increased resistance to burst pressure (over 1000 


psi in 1 in. diam size) is claimed. 


Designation: Type L. 
Size: % to 2 in. pipe size; 10 and 20 ft random lengths. 


Service: For pressure or suction lines; ultimate ten- 
sile strength, 6000 psi; effective tensile for piping 
applications, 3600 psi at room temperature; flexural 
modulus, 250,000 psi; impact strength (Izod), 4.3 
ft-'b per in. notch; burst pressure varies with pipe 
diam; resists chemicals and sunlight; will not rot, 
rust or corrode electrolytically; easily handled; new 
fitting available to connect pipe without threading 
or cementing. 


For more data circle MD 1, Page 217 


HERMETICALLY SEALED RELAY 3 


. . - miniaturized for airborne applications 


Advance Electric and Relay Co., 2435 N. Naomi St., 
Burbank, Calif. 


Designed especially for 
electronic equipment, this 
relay can be used wher- 
ever miniaturization is a 
factor. : 


y qo AS 
5) 


CO7PO-/) 


Designation: C-8720-1. 

Size: 143 in. high, }{%-in. wide, %-in. deep; weight, 1.3 
OZ. 

Service: Hermetically sealed for altitudes to 85,000 ft; 
meets specification AN-E-19; withctands 10g vibra- 
tion with minimum power of 500 milliwatt; coil re- 
sistances available to 16,000 ohm; silver contacts 
rated 1% amp, palladium rated 3 amp. 

Design: Single-pole double-throw or double-pole double- 
throw; pure silver or palladium contacts; available 
with glass-silicone insulation. 


For more data circle MD 3, Page 217 
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GASOLINE FILTER 2 
. .. installed on fuel line without support 
Sparkler Mfg. Co., Mundelein, Jil. 


Light in weight, this filter 
can be installed at any 
point in the fuel line. 


Designation: MB-3. 

Size: Weighs 2% oz. 

Service: Filtering dust, fine rust and microscopic par- 
ticles from gasoline; flow rate is relatively high 
considering degree of filtration; gasoline supply 
tubing holds filter without vibration. 

Design: Nonwoven rayon cloth filtering element, with 
tightly locked fibers; installed at any point in fuel 
line without supports or mounting brackets. 


For more data circle MD 2, Page 217 





HEAT RESISTANT PAINT 4 
. . . withstands temperatures to 1700 F 
Speco Inc., 7308 Associate Ave., Cleveland, O. 


This paint air dries in 30 min to form a solid cop- 
per coating which expands and contracts with tem- 
perature changes. 


Designation: Heat Rem XG-170 Gold. 

Size: 1 and 5 gal pails, 55 gal drums. 

Service: Protecting iron and steel surfaces exposed 
to temperatures as high as 1700 F from rusting; 
resists corrosion from mild acids, alkalies and in- 
dustrial fumes; may be used for brushing, spraying 
or dipping; air dries in 30 min or may be baked. 

Properties: Copper flake in silicone resin base which 
appears to hold copper in place until it is firmly 
bonded to the iron or steel. 

Applications: High pressure boilers; ovens; eng:ne 
manifolds, exhaust lines, and heads; heat lines. 


For more data circle MD 4, Page 217 
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SOLENOID VALVE 5 
. » « has wide range of applications 


A-P Controls Corp., 2450 N. 32nd St., Milwaukee 45, 
Wis. 


Two body styles with two 
types of needle and seat 
construction make this valve 
useful for many industrial 
applications. 


Designation: Model 67. = 
Size: 3-in. pipe or %-in. OD a =| 
tube. — 
Service: For air, oil, water, gasoline, a.cohol, deter- 
gents, refrigerants, butane, propane or other non- 
corrosive liquids and gases; capacity, 78 gph of 
water or 1 ton Freon 12 in refrigerant applications; 
working pressure to 300 psi; operating dirterentia!— 
130 psi for liquids, 200 psi for air and other gases, 
250 psi for refrigerants. 
Design: Synthetic resilient disk-type needle ceats 
against a stainless steel orifice to provide “bubble- 
tight” operation; furnished with stainless-steel needle 
and valve seat for other applications to prevent 
“ovaling” and wire drawing of the seat, even after 
long periods of continuous operation; overpowered 
coil provides ample lift at 85% rated voltage, and 
is frost and moisture resistant; conduit connec- 
tion in cover can be rotated to any desired position 
by loosening the cover nut. 














For more data circle MD 5, Page 217 








SCREW PUMP 7 
. .. for lubricating fluids or semifluids 


Sier-Bath Gear and Pump Co. Inc., 9252 Hudson Blvd., 
N. Bergen, N. J. 










This pump is a companion to the recently announced 
bracket type for nomubricating fluids and semifiuids. 











Size: 
Ports — Ports 
Model Suction Discharge Model Suction Discharge 
(in.) (in.) (in.) (in.) 

A 2 1% F 5 4 
B 2% 1% G 5 4 
Cc 3 2 H 6 5 
D 3 2% I 8 6 
E 4 3 


Service: Capacities from 1 to 700 gpm; discharge pres- 
sures are 1000 psi for viscous iiqguids and 50 psi 
for light oils; long rotor life and continued voiumet- 
ric efficiency, since there is no metallic contact be- 
tween rotors; direct connection up to 1800 rpm. 

Design: Internal gear and bearing type screw pump; 
heavy duty roller bearings just inboard of timing 
gears where radial load is heaviest; locknuts be- 
hind the timing gears permit essier repairing; 
double-row angu!lar-contact ball bearings position ro- 
tors axial‘'y for less wear on bearings and timing 
gears. 


For more data circle MD 7, Page 217 








TENSION DYNAMOMETER 6 


... prevents accidental overload 


W. C. Dillon ¢& Co. Inc., 1421 S. Circle Ave., Forest 
Park, Iii. 


Warning signals, relays, 
motors or switches can 
be operated when load 
reaches predetermined 
point. 





Designation: EL. 
Size: 5 or 10 in. diam dial, optional. 
Service: Preventing accidental overload or in weigh- 
ing operations; individually calibrated for accuracy; 
load ratings, zero to 500, 1000, 2500, 3500, 5000, 
7500, 10,000, 15,000, 20,000, 30,000, 40,000, 50,000, 
or 100,000 lb; electrical contacts for 6, 8, 10, 12 or 
24 v de; rustproofed and moistureproof. 


Design: As tension load is imposed, a calibrated beam 
is deflected, moving white pointer carrying one 
contact around dial; when. white pointer meets blue 
| hand, which has previously been set to desired load 
value, electrical circuit is closed; red max hand; 
Shatterproof srafety-glass crystal; furnished with 


Shackles and attachment pins. 


Application: Cranes; hoists; automatic batching ma- 
chines; load test apparatus. 





For more data circle MD 6, Page 217 














WATER LEVEL CONTROL 8 
. .. indicates and controls liquid level 


General Electric Co., Control Dept., Schenectady 5. 


















This control is claimed to be exceptionally useful 
for unattended locations. 





Designation: Thermasul. 

Size: Enclosure, 14%$ to 16% in. high, 12% to 15, in. 
wide, 6% to 8% in. deep. 

Service: Indicating and controlling water level; non- 
corrodible, self-cleaning detectors; can control pump 
motors and circuits for alarm, supervisory and con- 
trol equipment; relay contact rating, 1 amp at 115 
v ac, 0.05-amp at 48 v dc, 0.02-amp at 125 v dc; 
actuates in approx %-min in water at 20 C. 

Design: Detector consists of resistance heater wound 
around temperature-sensitive sintered-culphide com- 
pound inside hermetically sealed stainless tube; in 
air, resistance of element is low because heater 
maintains detector temperature at approx 280 C 
above ambient; when immersed, heat is conducted 
away and resistance increases, operating a single- 
pole double-throw relay; detectors are mounted 
with simple pipe supports; straight and hooked 

probes from 1 to 10 ft long available. 


For more data circle MD 8, Page 217 
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NEW PARTS 


VOLATILE RUST INHIBITOR 
. - + protects metal without coating 
Shell Oil Co., 50 W. 50th St., New York 20, N. Y. 


Vapor from this slightly volatile nitrite salt con- 
denses on metal surfaces, or dissolves in condensing 
moisture, to passivate the surfaces and prevent 
corrosion. 


Designation: VPI. 

Form: Crystalline powder. 

Service: Protecting steel products during storage and 
shipping and between machining operations; barrier 
must be provided to prevent escape of vapor; metal 
objects should be covered or packaged, but need 
not be airtight or moistureproof; arrests corrosion 
at any stage. 

Properties: Crystals give off vapor, which protects 
surfaces; melts at 310 F without decomposing; 
practically odorless; 1 gm saturates about 20,000 
cu ft at room temperature; moderately soluble in 
water; very soluble in methyl alcohol; slightly sol- 
uble in low molecular weight polar solvents; prac- 
tically insoluble in hydrocarbons; no undesirable ef- 
fects on nonmetals, nonferrous metals or bimetallic 
couples. 
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OIL-MIST LUBRICATORS 10 
. .. signal when oil level becomes too low 


Stewart-Warner Corp., 1826 Diversey Pkwy., Chicago 
14, Ill. 


Automatic warning 
switches operate a horn 
and red light, or shut off 
the machine. 


Designation and Size: 4958 
and 4959, 1 gal capacity; 
4960 and 4961, 12 oz ca- 
pacity. 

Service: Feeding oil mist 
at up to %-oz of oil per hr to max of 60 bearings; 
require 1.5 cfm air at 20 psi when operated at max 
output; switch operates when oil level falls below 
23 oz on 4958 and 4959, below 2 oz on 4960 and 
4961; lubricator operates only when machine is run- 
ning; 1 gal unit generally provides 1 month sup- 
ply, 12 oz unit provides 1 week; 4958 and 4960 can 
operate auxiliary warning signal which shows red 
light and operates howler unit when level is too low; 
for 115 v 60-cycle ac; warning switch must operate 
auxiliary load relay. 

Design: Oil-mist unit with float-actuated oil-level in- 
dicator switch, air regulator with gage, loader fit- 
ting, solenoid air-control valve, water separator, 
mounting bracket, and locking cover; 4958 and 
4960 have normally open warning switch, 4959 and 
4960 have normally closed. 
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RUBBER HOSE 1] 
. . - has unusually high acid resistance 
Hewitt-Robins Inc., 668 Glenbrook Rd., Stamford, Conn. 


This hose is claimed to resist concentrated organic 
and inorganic acids, as well as alkalies and chlcr- 
ine and saturated-chlorine water. 


Size: Acid conducting %, 1, 1%, 1%, 2, 2% and 3 
in. ID; acid pinch-valve, 1, 1%, 1%, 2, 2%, 3, 3's, 
4, 4%, 5. 6, 65, 8, 10 and 12 in. ID; acid suction, 
1%, 2, 2%, 3 and 4 in. ID. 

Service: Conveying acids with following concentra- 
tions—100% for acetic, hydrochloric and hydroflu- 
oric, 98% for sulphuric, 86% for fuming nitric in 
intermittent service, and 75% for nitric; resists al- 
kalies, chlorine and saturated-chlorine water. 

Design: Wrapped duck type; conducting hose consists 
of 4 or 5 plies of high-tensile duck with plies in- 
sulated with rubber layers; pinch valve hose has 
wall reinforcement divided into 2 wrapped duck 
units separated by layer of flexible rubber; suction 
hose is wire-reinforced, smooth-bore type with wire 
between plies. 
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MULTIPLE-TURN DIAL 12 
... reads to 3 or 4 significant figures 
Helipot Corp., 8. Pasadena 20, Calif. 


Up to 15 turns of the 
shaft can be read from 
the double dial. 


Designation: RA Duodial. 

Size: For ‘%-in. shaft 
(adapter available for 
\%-in. shaft); 143 in. 
diam, 1 in. extension 
from panel front; 1 in. diam knob. 

Service: Accurate setting and reading of 10 turns of 
shaft (up to 15 turns available, special); primary 
scale divides single turn into 100 divisions; second- 
ary scale shows number of turns; no backlash error 
since worm gears not employed; locking mech- 
anism prevents shifting by vibration; hand capaci- 
tance eliminated. 

Design: Primary dial, coupled directly to shaft, en- 
gages a jump gear when shaft is about to complete 
one revolution to turn secondary dial to next nui- 
ber; lock is cam-actuated brake shoe which acts 
radially against an inner drum; black nylon knobd; 
satin-chrome dial surfaces with recessed black fig- 
ures; included with unit are panel-mounting plaie, 
reversible nut for use with thick or thin panels, and 
Allen wrench for tightening both knob set-screws; 
miniature RAJ 10-turn unit for \%-in. shaft aiso 
available. 
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NEW PARTS 


TUBING HARNESS 13 
. « - Carries bundles of instrument tubing 
Samuel Moore & Co., Dekoron Tubing Div., Mantua, O. 








Tubing is impervious to attack by moisture or cor- 
rosive atmospheres. 


Designation: Impervapak Metl-Cor. 

Size: % or %-in. tubes; ;4-in. thick sheath; lengths 
to 50 ft. 

Service: As instrument or control lines; corrosionproof 
sheath protects tubing; bent easily, but sufficiently 
rigid to be used with few supporting brackets. 

Design: 4, 7 or 10 copper or aluminum tubes over 
which is extruded a black polyethylene plastic 
sheath; standard line of pressure-tight fittings avail- 
able to join successive lengths; special size tubes 
available. 
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BUTTERFLY VALVE 14 
. »- operated by pneumatic motor 


Minneapolis-Honeywell Regulator Co., Industrial Div., 
5060 Wayne Ave., Minneapolis 44, Minn. 


Air, water or steam flow can 
be controlled. 





Size: 11 to 6 in. pipe size. 

Service: Controlling flow of air, water or steam at 
pressure to 20 psi max; temperature, 250 F max; 
control-air pressure range, 0 to 15 psi. 

Design: Pneumatically operated butterfly; valve motor 
has mechanical stops to limit wing rotation; screwed 
connections; bronze body, wing and trim; relay for 
positive valve positioning on throttling control ap- 
plications, optional. 
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INSTRUMENT PANEL VIBRATOR 15 


... prevents “sticking” of meters 
Globe Industries Inc., 125 Sunrise Place, Dayton 7, O. 








i 


A vibration of known frequency and amplitude is 
introduced. 


Size: Approx 1% in. diam, 5 in. long; total weight, 
approx 10 oz. 

Service: Providing shaking force of 0.85 to 3.4 lb at 
frequencies of 2000-3000 cycles per min from 2500 
rpm rotation; can be furnished for any dc voltage; 
magnetically shielded; keeps out dust, moisture and 
salt spray; integral circuit provided to eliminate 
radio-frequency interference. 

Design: Fractional-hp, 2-pole, 2-brush motor which ro- 
tates unbalanced weight on end of armature shaft; 
black anodized aluminum outer enclosure; inner en- 
closure is cadmium-plated steel. 
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SPACING FASTENER 16 
. .. for sandwich or soft structures 
Delron Co. Inc., 5524 Southern Ave., South Gate, Calif. 





Crushing is avoided by 
limiting takeup of nut and 
bolt to a specified grip 
length. 





Designation: Fasco. 

Size: No. 8, 10 and %-in. screw sizes; grip lengths, 
#; to 1in. 

Service: Spacing and limiting bolt and nut travel, also | 
attachment of conduits cables and instruments; pre- | 
vents crushing of sandwich panels or soft materials; 
positive, aligned grip because of interference fit of 
0.002 to 0.005-in. between mating parts; installed 
by hand with ordinary nut and bolt, or with 


squeezer die and index pin for faster production. 

Design: Two-piece; made of 24ST aluminum alloy, ano- 
dized in specified color; other materials and sizes 
available. 
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HOSE COUPLINGS 17 
. . « long-shank for connection strength 


Hose Accessories Co., 2704 N. 17th St., Philadelphia 
32, Pa. 


New construction method produces a leakproof coup- 
ling with no pressure losses or expensive shutdowns. 


Designation: 900 BS. 

Size: 
Shank Size . 
Length IPT GHT 


qin.) ° (in.) 
4 . , 4, % 4 
a %, ¥% y% % 34 % 


Service: For medium-pressure steam and air; satis- 
factory for petroleum or oil, since couplings are 
nonsparking; leakproof and nonporous. 

Design: Swivel type, of machined brass bar ctock. 
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BALL BUSHINGS 19 
. .. guide linear motion of heavy shafts 
Thomson Industries Inc., Manhasset, L. I., N. Y. 


New large size is 
available for heavy 
loads or operation on 
large shafts. 


Designation: A406080. 

Size: For 2% in. chaft; 3% in. OD; length, 5 in.; 
length between retaining rings, 3% in. 

Service: Providing low-friction linear or reciprocating 
motion with static load rating of 1710 lb and rolling 
load rating of 1380 lb; long life with precision 
alignment; eliminates possibility of binding or chat- 
ter. 

Design: Six ball circuits of y;-in. balls ground to grade 
A tolerances from 52100 steel; bearing outer sleeve 
is machined from heat-treated 32100 steel. 
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IDLER ROLLERS 18 
. - - mounted vertically or horizontally 


Samuel Olson Mfg. Co., Inc., 2424-22 Bloomingdale Ave., 
Chicago 47, Ill. 


Two diameters are 
available in these 
crowned rollers for 
lightweight power con- 
veyors. 


Size: 25 or 4% in. diam; length to specification; %- 
in. shaft diam; %-in. pipe tap in shaft ends. 

Service: Carrying power-conveyor belts; can _ be 
mounted horizontally, vertically or at any angle; 
can be lubricated through shaft ends. 

Design: Crowned idler; combination radial and thrust 
precision bearings with felt washer and steel washer 
seal, or unground split outer-race bearings with laby- 
rinth seal; fabricated from ;,-in. wall (2% in. OD) 
or %-in. wall (44% in. OD) seamless steel tubing; 
lubrication passages from shaft ends feed directly 
to bearing housings. 
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PUSHBUTTON SWITCH 20 
... can operate under water 


Riverside Mfg. & Electrical Supply Co., 10228 Michi- 
gan Ave., Dearborn, Mich. 


. ) 


For low-current applications, this switch is com- 
pletely sealed when installed. 


Size: }jj-in. diam; length, approx 2 in. (approx 1 in. 
behind panel); for panels up to %-in. thick; 4-in. 
mounting hole. 

Service: Rated 10 amp at 15-30 v dec or 125 v ac; 
will operate under water and resists salt spray, 
vibration and shock; temperatures from -—65 to 
165 F. 

Design: Single-pole, single-throw, furnished either nor- 
mally open or closed; protective cap for pushbut' on 
end of switch screws over threaded barrel inserted 
through mounting hole to form tight, permanent seal; 
ordnance-type waterproof lead wires are vulcanized 
into rubber switch case; waterproof connectors «an 
be assembled to lead wires when required. 
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HOSE COUPLINGS 21 


.-- grip hose ends with heavy clamping force 


Lincoln Engineering Co., 5736 Natural Bridge Ave., 
St. Louis 20, Mo. 


Dependence on pres- 
sure obtained by 
wedging hose core in 
the sleeve to hold hose 
is eliminated. 





Designation: Lok-Tite. 


Size and Service: Hose is held by heavy clamping 
pressure, holding hose tightly; fast assembly, since 
bell-shaped counterbore on sleeve engages wire 
braid on hose and acts as screw to force braid 
into sleéve; large-volume flow due to large flow 
passage in stud and short stud length; end of hose 
core is confined by metal, eliminating hose extru- 
sion; reusable; 





Thread —————————— Hose Specifications 
ID oD Wire Bend Pressure 

(in.) (in. ) (in.) (No.) (rad, in.) (psi) 
4% NPTF* fs ly, 1 4 2500 
4 NPTF* A i4 2 4 5000 
\%-27t 4 +4 2 4 5100 
% NPTF* % 43 1 5 2000 
% NPTF$§ 3% a3 2 5 4100 
% NPTF$§ u, 34 2 7 3600 


. Male. 7 Taper female. § Female. 

Design: Machined from steel bar stock, zinc plated; 
wire braid is clamped between stud shoulder and 
shelf on sleeve; notched to provide gage line for 
skiving outer cover of hose to correct length. 
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MINIATURE SERVO MOTORS 23 
... reliable under extreme conditions 


G-M Laboratories Inc., 4300 N. Knox Ave., Chicago 
41, Il. 


Intended for servo and 
contro! applications, these 
precision motors can be 
adapted to drive auxil- 
iary equipment. 


Designation: 665-50. 

Size: 1.7 in. diam, 1% in. 
long; shaft extension and 
length to specifications. 

Service: Available for 8 to 220 V, single-phace opera- 
tion; temperature, —55 to 72 C; vibration, 10 to 
55 cps at 0.06-in. excursion; humidity, 95% RH at 
72 C; altitude, to 60,000 ft; 





No Load Stall Stall 
Frequency Poles Speed Torque Watts 
(cps) (No.) (rpm) (oz-in. ) (w per phase) 
60 2 3300 2.0 6.0 
60 4 1650 2.0 6.0 
60 s 800 2.0 6.0 
400 2 22,000 1.5 10.0 
400 4 11,000 1.7 10.0 
400 Ss 5500 1.9 10.0 


Design: Flange or ring-mounted aluminum-alloy or 
stainless steel housings; high-carbon or stainless- 
steel instrument-type ball bearings; gear train with 
55:1 or other ratios available; output shaft with or 
without integral pinion; 800-cycle motors available. 
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FACE SEAL 22 


.. . synthetic rubber bonded to steel rim 


Precision Rubber Products Corp., 3110 Oakridge Dr., 
Dayton 7, O. 


Pressure forces seal- 
ing lips of the inner 
rubber seal against the 
surfaces to form a 
leakproof seal. 





Designation: Dyna-Seal 110. 


Size: Standard sizes as follows—larger sizes available 
later; 








Bolt ——-Seal Bolt —-Seal 

Size ID oD Size ID oD 

(in.) (in.) (in.) (in.) (in.) (in.) 
¥s 0.220 0.422* 5% 0.665 1.062t 
a 0.246 0.453* it 0.727 1.157§ 
% 0.280 0.516* % 0.800 1.2668 
ts 0.342 0.594* 3 0.862 1.359§ 
& 0.405 0.687* ua 0.925 1.4538 
Ys 0.467 0.766+ § 0.987 1.531§ 
es 0.540 0.875t 1 1.050 1.6568 
Ys 0.602 0.969 1% 1.175 1.844§ 


Thickness, * 0.054-in., ¢ 0.075-in., § 0.090-in. 


Service: Sealing flat surfaces, bolt and rivet heads, 
flanges and special fittings against pressures to 
10,000 psi; seals air, many industrial gases, petro- 
ileum products, hydraulic fluids, water and chemi- 
cal solutions; temperature, —65 to 250 F; gives 
full bearing surface. 

Design: Trapezoidal-shaped synthetic rubber sealing 
member, bonded to cadmium-plated cold-rolled steel 
rim, is compressed by mechanical face pressure to 
form seal that resists pulsating pressures. 
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MINIATURE CIRCUIT BREAKERS 24 


. .. fit in standard fuseholders 


Mechanical Products Inc., 1824 River St., Jackson, 
Mich. 


Applied as a direct replace- 
ment in existing fuse-pro- 
tected circuits, this ther- 
mally actuated breaker pro- 
tects against overloads and 
shorts. 


Designation: Mini-Breaker. 


Size: Fits standard Edison- 
base fuseholders. 

Service: Providing overload and short-circuit protec- 
tion; sizes for 15, 20, and 30 amp, 110-125 v ac; 
service is restored after interruption by pressing 
in and releasing shockproof reset button; trip-free 
—will not maintain an overload circuit; can be reset 
after 10-sec cooling period; carries rated current 
continuously at 135 F, trips at 200% lead within 
4 min at —50 F; passes UL tests for branch circuit 
breakers. 

Design: Thermally actuated; on overload, a bimetal 
thermostat element heats up and disengages from 
a pair of latch plates on reset plunger; twin exten- 
sion springs then pull movable contact assembly 
away from stationary contacts; when tripped, reset 
button is pushed outward to expose a groove which 
indicates tripped condition. 
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SEALED STARTERS 25 


. . - exclude dust, lint and dampness 
Square D Co., 4041 N. Richards St., Milwaukee 12, Wis. 


Designed particularly for textile 
industry applications, these 
starters feature a “lint-tight” 
enclosure with a neoprene seal- 
ing gasket. 


Designation: Class 2510. 


Size and Service: For up to 600 v 
ac or 250 v dc; size 0 starters 
rated 15 amp, size 1, 25 amp 
(open ratings); sealed against 
dust, lint and high humidity; toggle mechanism is 
not affected by vibration; trip-free, so that contacts 
cannot be held closed against overload; melting-al- 
loy type, inverse time thermal overload relays; 


Poles Size Rating Poles Size Rating 
(No.) (v) (hp)* ahd (No.) (v) (hp)* (hp)t 
2 0 115 oes 3 1 208-220 5 3 
230 aaa 1% 440-550 7% 5 
2 1 115 een 1% + 0 110 1% 
230 ewe 208-220 
3 0 110 1% 440-550 
208-220 2 1% 110 
440-550 2 1% 208-220 
3 1 110 3 1% 440-550 


*Polyphase. {Single-phase. §NEMA. 

Design: Toggle operated with double-break silver con- 
tacts; size 0 starters have binder-head screws, size 
1—-solderless connectors; sheet-steel enclosure with 
over-center latch provides heavy clamping pressure 
on neoprene sealing gasket; open types, general 
purpose enclosures, manual types, and single or 
double mounting pedestals are available. 

For more data circle MD 25, Page 217 


DIAPHRAGM VALVES 26 
. . - in chemical-resistant plastic 


American Hard Rubber Co., 93 Worth St., 
13, N. Y. 


New York 


Metal or lubricant never 
comes in contact with the liq- 
uids handled. 


Size: %, %, 1, 1%, 1% and 2 
in. standard pipe thread. 


Service: Handling corrosive liq- 
uids, chemicals and food prod- 
ucts; working pressure, 50 psi 
at 77 F; nontoxic and will not impart odor or taste; 
leak-tight closure against pressure or vacuum; 
chemical resistance as follows, with first letter rep- 
resenting Parian valve, second Saran valve*; 
Sulphuric (con.) ........G, Acetone 
Sulphuric (60%) ........G, Carbon tetrachloride .... 
Sulphuric (10-30% E, **Ethyl’’ 
Hydrochloric (10- 37%) o G, TT. 
Nitric (70%) ...... eo MED wee dcoscccocccccese 
Se GED . ese cececeade Lube oil .... wTTTTT) T 
Acetic (glacial) ......... Calcium chloride ’ 
Acetic (10%) - Calc, hypochlorite ....... ’ 
Hydrofluoric (48%) ...F-G, Ferric sulphate (15%) 
Oleic (conc.) U RAMSOGE GE 2 ccccccceseces F, 
Sod. hydrox. (10-50%)... Sat. salt water ......:... E, 
Ethyl alcohol ........... G, 


HQ RQOR ARO 
BAO EAO MAO’ 


* E—excellent,. G—good. F—fair. P—poor. U—unsuitable. 
Design: Saunders diaphragm; valve body of Parian, 
a polyethylene plastic, or Saran; diaphragm, of rub- 
ber, neoprene or polyethylene, is fastened to com- 
pressor by molded stud; bonnet assembly is sealed 
off without packing gland. 
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LIQUID-LEVEL CONTROL 27 
... for electrically conductive liquids 
Photoswitch Inc., 77 Broadway, Cambridge 42, 


Four degrees of sensitivity are 
provided for use with different 
liquids. 


Designation: 10CB1. 


Size: Control housing, approx 6 
in. wide, 9 in. high, 4% in. 
deep. 

Service: Control of liquid leyel; 
accuracy independent of tém- 
perature and pressure; may be 
used for single-level or high and low level indica- 
tion; will distinguish between liquid and foam or 
saturated vapor above liquid; available for 115 or 
230 v; 50-60 cycles ac; relay contact ratings, 2 
amp at 115 v ac, 1 amp at 230 v; will operate from 
probe-circuit resistance up to 3500 ohm; needs no 
maintenance; sensitivity ranges as follows; 
Resistivity Voltage Current Fluids 
(ohm/cm$) (max) (amp, max) 

2-20 1 0.200 

20-200 3 0.065 
200-2000 a 0.030 
2000-20, 000 27 0.006 

Design: Contact of liquid with one of 6 available types 
of probes causes probe circuit to operate single-pole, 
double-throw relay through a transformer and rec- 
tifier; monelectronic; weather-resistant or water- 
tight housings available. 


Concentrated acids, bases, salts 
Dilute acids 

Organic liquids 

Tap water 
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FLEXIBLE COUPLINGS 28 
. .- gear type in standard sizes 


Cone-Drive Gears Div., Michigan Tool Co., 7171 E. 
MecNichols Rd., Detroit 12, Mich. 


Having only 7 parts, these 
couplings are sealed to hol¢ 
in lubricant and _ exclude 
dirt. 


Designation, Size and Service: 
For coupling shafts with av- 
erage of 3 deg annular mis- 
alignment and ;;-in. offset, 
depending on size; sealed to 
keep lubricant in, keep dirt 
out; easy to assemble and 
disassemble; 

Part —— Bore ———- 
No. (in. ) 
700120 %, 1, 1%, 
701160 1%, 1% 
702210 1%, 1%, 2, 2% 
703260 2%, 2%, 2% 
704310 2%, 2%, 3 
705360 3%, 3%, 3% 
706410 4 
708550 5% 
710650 6% 

Design: Gear-type flexible; consists of 2 hubs 414 
sleeve made of forged SAE 1045 steel plus 2 n«o- 
prene seals and 2 snap rings; teeth are cut with 
minimum backlash; mill-motor, spacer, vertical-shaft 
and floating-shaft couplings, as well as other bor’ s, 
larger sizes and special types, are available. 


Speed Capacity 
(thousand rpm) (hp at 100 rpm) 
25 4 
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RETAINER SPRINGS 29 
. + snap into shaft grooves 


Precision Spring Corp., Three Rivers Div., 800 W. 
Broadway, Three Rivers, Mich. 









These springs may be substituted for cotter pins, 
locknuts, etc. 


Designation: 21A. 








Size: 
Shaft Grooye——. Spring 
i Diam Rad Diam (respectively) Wire Size 
| (in.) (in.) (free position, in.) (in.) 
%, 4 0.018 0.026 
> ts, 0.036 > oe 0.062 
» % 0.058 ‘ ii. 4 0.106 
. Ne 0.073 , &» 8 0.135 
tt, #4 0.094 a 8 8 0.177 


Service: As retainers on shafts; withstand repeated 
assembly and disassembly. 

Design: “Hairpin” type of SAE 1065 spring-steel wire, 
tempered and oiled; Parkerized finish or cadmium 
plating available. 
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CAPS AND PLUGS 31 
. .. push on or into ports, pipes or holes 
CaPlugs Div., Protective Closures Co. Inc., 1872 asc 


esee St. , Buffalo a3, #. F. w 


Tough and flexible, these 
plastic caps are used as dust 
and moisture seals or ship- 
ping protectors. 









6 
ee. | 


Designation and Size: ;:-in. thick; special sizes to 
344 in. OD; standard sizes as follows; 


Size Plug Cap Size Plug Cap 
(diam,in.) (diam, in.) (diam,in.) (diam, in.) 








00 Yy-tt yeaa 8 #-#i #8 
0 Yeti y- 9 “34 UE 
1 YR AH 0 6 EB 
2 ah Row Ge ee 
3 36-44 ish 13 Bi “17, 
4 writ %-# 14 a 1-H 
5 1-33 cat 15 14-1 15,1355 
6 pcm r 1e-}} 16 193-134 149-174 
7 #-# #- Ls 17 134-139 154-1) 


Service: Protective closure for pipes, ports or holes; 
inert to all common chemical agents; vermin and 
fungusproof; keeps shape to 220 F if unstressed, 
185 F if stressed; remains flexible to —94 F; leaves 
little deposit on threads. 

Design: Molded from red polyethylene plastic; special 


designs available. 
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BACKUP RINGS 30 
... protect O-rings from extrusion 


W. 8. Shamban & Co., 5745 Marilyn Ave., Culver City, 
Calif. 


Chemically inert, this 
packing has low fric- 
tion. 





Designation: Kelon-T. 

Size: Continuous spiral from 0.125 to 15.5 in. ID, cor- 
responding to sizes of standard O-rings. 

Service: Protects O-ring seal from extrusion, deteriora- 
tion or loss of efficiency; chemically inert and un- 
affected by oils, acids, bases or solvents; tempera- 
tures from —110 to 500 F; will not shrink, swell, 
harden or soften; low friction; can seal effectively 
without O-rings if packing completely fills groove 
in continuous spiral. 

Design: Continuous spiral made of Teflon. 
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PILOT BUSHINGS 32 
.. . with sealed tapered roller bearings 
J. G. Jergens Co., 11106 Avon Ave., Cleveland 5, O. 


Adjustable for wear, these 
bushings are sealed against 
grit or dust. 





Designation and Size: | 
No, ID OD* Lengtht No. ID 


OD Length 

(in.) (in.) (in.) (in. ) (in.) (in.) 
B-204 % 1% 1.62 B-215 1% 4hy 2.50 
B-205 * 2 1.62 B-216 1% 4% 2.88 
B-206 5% 2 fs 1.84 B-217 2 4% 2.94 
B-207 % 2% 1.81 B-218 2% 5 2.88 
B-208 i$ 2% 1.88 B-219 2% 5% 2.88 
B-209 1 2% 1.88 B-220 2% 5% 3.06 
B-210 1% 3% 2.56 B-221 2% 5% 3.06 
B-211 1% 3% 2.56 B-222 3 6% 3.75 
B-212 1}, 3% 2.44 B-223 3% 7% 4.00 
B-213 1% 3% 2.44 B-224 3% 7% 4.00 
B-214 1}} 3% 2.50 B-225 4 8 4.25 


* Barrel size—supplied approx 0.020-in. oversize for grinding to 
fit. t Mounting length, excluding shoulder, 

Service: Precision location and bearing for shafts; 
takes thrust and radial loads; sealed against grit 
or dust; bearings can be adjusted to compensate 
for wear. 

Design: Pilot tapered-roller; 2 Timken bearings; re- 
movable slip bushings, keys and keyways can be 
used; lubrication fitting feeds to annular space be- 

tween bearings. 
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FLOATING ANCHOR NUT 33 
. . - locks bolt with positive grip 
Elastic Stop Nut Corp. of America, 2330 Vauxhall 


Rd., Union, N. J. 


Weight savings of 1.3 
lb per 1000 pieces are 
claimed over earlier 
anchor nuts of this 


type. 


Designation: A-41. 

Size and Service: Sim- 
plified assembly, since lining up of bolt and nut is 
quicker; permits assembly in small spaces; grips 
bolt under vibration and impact loading; complies 
with dimensional and performance requirements of 
AN366 and AN-N-5; floats 0.054-in. lengthwise, 
0.049-in. sideways; 
Thread Length Width Height Weight Strength 

(in.) (in.) (in.) (1b/100) (axial, Ib) 

8-32 NC 0.969 0.359 0.281 0.68 1720 
10-32 NF 0.969 0.385 0.281 0.68 2460 

Design: Two-lug floating; nut body, C 1010 steel, 
cadmium plated; locking insert, red fiber; same size 
as firm’s standard nonfloating anchor nut; offset 
shoulder on anchor lug assures full floating action 
by preventing interference between nut and rivets 
holding lug to part or assembly. 


For more data circle MD 33, Page 217 


VARIABLE SPEED TRANSMISSION 35 
. .. Stepless speed changes while running 


Turner Uni-Drive Co., 3416 Terrace St., Kansas City 
8, Mo. 


Floating wheel assem- 
bly provides perfect 
belt alignment in any 
position or speed. 


Designation: TeeCo. . 

Size and Service: Infinite speed changes while run- 
ning; belt is aligned in any position or speed; 

Pp— Total 
Model Rating Min Max Ratio V-belt 
(hp) (in.) (Section) 

3A 1 1.32 : A 
3B 2 1.82 ° : B 
8A 2 1.85 : A 
8B 3 2.3 2.83 8:1 B 

Design: Turning adjusting wheel moves arm to change 
tension on belts, and shifts middle faces of sheaves 
to change pitch diameters; aluminum construction 
with bronze bearings. 


Application: Machine tools; printing presses; folders; 
food-processing machines; fans; assembly conveyors; 
testing equipment. 


For more data circle MD 35, Page 217 








FOUR-WAY VALVE 34 
... available with 3 different control heads 
Hannifin Corp., 1116 8S. Kilbourn Ave., Chicago 24, Ill. 


Operation can be by a 
remote pilot valve, 
spring-return _ solenoid, 
or momentary contact 
solenoid. 


Designation: BB-1, -2, -4. 

Size: 3%, % and %-in. 

Service: Pressures from 
15 to 150 psig; can be modified for higher or lower 
pressures, or vacuum; BB-1 can be actuated by 
solenoid, ball-cam, palm-button, hand-toggle (lock- 
ing or nonlocking), foot treadle (locking or non- 
locking), mechanical toggle, overriding roller cam, 
or piston-operated pilot valves; BB-2 has lightly 
stressed stainless-steel spring for return of solenoid, 
with speeds up to 600 cycles per min; BB-4 head 
has 2 solenoids for momentary contact operation. 


Design: 4-way; consists of two 3-way valves arranged 
so one operates normally closed, the other normally 
open; pressure within valves returns 2 piston-pop- 
pets when pilot pressure is released, eliminating 
springs or levers; piston-poppet assemblies (only 
moving parts) are identical removable and replace- 
able cartridge assemblies for all sizes. 


For more data circle MD 34, Page 217 





SANITARY FITTINGS 36 
. . . disassembled with “flick of the wrist” 


Tri-Clover Machine Co., Kenosha, Wis. 


Fittings are joined with 
snap-open clamps, permit- 
ting easy assembly and dis- 
assembly for cleaning. 


Designation: Tri-Clamp. 

Size: For 1%, 2, 2%, 3 and 
4 in. sizes. 

Service: For permanent and 
take-down sanitary fitting 
lines; saves installation and cleaning time; leak- 
proof; make flush, sanitary joints; nontoxic, fat- 
resistant gaskets; withstand up to 100 psi pressures. 

Design: Flange type ferrule fittings with precision- 
molded Hycar gaskets which fits into proved fer- 
rule lip; spring clamp, which grips ferrule edges, 
is closed by a snap-action toggle of 2 types, one 
for hand operation, the other (with short toggle) 
for operation by special hand tool; fabricated of 
type 304 stainless steel; expanding and welding- 
type ferrules, ells, tees, Y’s, crosses, unions, 'e- 
ducers, adapters are available, also pumps and 
valves with same fittings. 





For more data circle MD 36, Page 217 
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= OHNSON 


AO Db 
apr gt onal BEARINGS ARE PRECISION MADE 


or small, there is a 

Johnson Sleeve Bear- 

ing to fit your J 

requirements. 

R egardless of size, Johnson Sleeve Bearings are made to precise 

dimensions required by modern high speed, heavy duty machinery. The 
Johnson plant is equipped with complete facilities for producing sleeve bear- 
ings up to the largest practical size. They are available in cast bronze, cast 
bronze babbitt-lined, cast steel babbitt-lined, and aluminum alloy ... with 
various bronze and aluminum alloys suitable to your service requirements. 
Johnson engineers will gladly confer with you on “King Size” bearings and 
assist in designing them to suit the application. Write for an appointment. 
JOHNSON BRONZE COMPANY, 525 South Mill Street, New Castle, Pa. 
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NEW PARTS 


DIFFERENTIAL PRESSURE BELLOWS 37 
... actuates switches, valves or controls 


Clifford Mfg. Co., 152 Grove St., Waltham 54, Mass. 
4 


Originally developed for 
jet plane fuel systems, 
this bellows assembly 
can be used for pres- 


sure or flow control. a 
Basie wal Se ong 


Size: To specifications; 24% to 3 in. diam sizes consid- 
ered preferred. 

Service: Providing motion of rod upon change in dif- 
ferential pressure across main bellows; can actuate 
switches, valves, levers, cams or controls; up to 500 
psi differential pressure, or greater if special; can 
be used for flow indication by measuring pressure 
drop across orifice or venturi. 

Design: Single unit composed of brass, stainless-steel 
or Monel main bellows with 2 bellows as flexible 
seals. 


For more data circle MD 37, Page 217 


SMALL TOGGLE SWITCHES 39 
. .. for precise switching in small space 


Micro Switch Div., Minneapolis Honeywell Regulator 
Co., Freeport, Il. 


Basic assembly consists of a 
toggle mechanism plus 1 or 
2 Micro switches. 





Designation: 6AT1, 6AT2, 
6AT3, 6AT4. —_ 

Size: #4-in. long, 13} in. high; 6AT1 and 2, @j-in. wide, 
weigh 0.02-lb; 6AT3 and 4, %4-in. wide, weigh 0.03-lb. 

Service: Rated 2 amp, 30 v dc for resistive, motor or 
inductive load at sea level, 1% amp 30 v dc at 
50,000 ft; 5 amp at 125 or 250 v ac; operating force, 
approx. 0.5-lb; travel, 40 deg min; double-throw ar- 
rangements are nonsimultaneous. 

Design: Miniature snap-action switches riveted to 
stainless-steel toggle bracket; 6AT1 and 2 are single- 
pole, double throw; 2 and 4 are double-pole, double 
throw; toggle bushings are threaded and fitted with 
hex nuts for panel mounting; detents provided in 
both switch positions; 6AT1 and 4 are for flush 
mounting, 2 and 3 have positioning tabs. 


ten F| 
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MULTIPLE-SECTION VALVE 38 


. .. provides centralized hydraulic control 


Sundstrand Machine Tool Co., 2531 Eleventh St., Rock- 
ford, Il. 


Devices can be actuated 
simultaneously under 
full or varying load, 
providing the total load 
does not exceed the re- 
lief valve setting. 


Designation: S-25. & 

Size: %-in. NPTF ports. ™ - 

Service: Rated 25 gpm with max operating pressure 
of 1500 psi; positive cylinder control, since check 
valves are included in each section. 

Design: 3 and 4-way; 10 sections or less may be as- 
sembled in one stack in any sequence with excep- 
tions as noted; O-ring seals between sections—per- 
mitting addition of sections at later date; 


Type Section Description 
Inlet plate R Integral relief, adjustable 500-1500 psi 
Used when relief valve provided elsewhere 
3-position, spring-centered, 90 Ib pull 
3-position, spring-centered, 60 Ib pull 
3-position detent 
3-position, spring-centered series, 90 Ib pull* 
3-position, spring-centered parallel, 90 Ib pullt 
Direct return to tank 
Separate spring-pressure drain to allow back 
pressure in return 
Pressure to subsequent stack; provides relief 
and spring-chamber drain 
J For use with A section, parallel, 3-way 


4-way 


3-way 


Outlet plate 


Q Sorpxwmys 


*Shifting stem to raise position makes succeeding sections 
inoperative. tMust be last with other A sections at end of stack, 
and must have J outlet plate. 
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TEMPERATURE CONTROLLER 
. «. measures deviations of 0.1-F 
Thermo Electric Co. Inc., Fair Lawn, N. J. 


Signal lights show closure 
of control relay. 


Designation: L-10009. 

Size: Case, 10 in. wide, 12 in. 
high, 9 in. deep; 14.4 in. 
scale length. 

Service: Detecting tempera- 
ture variation and control- 
ling heater elements, motor 
starters and electric valves; 
single or duplex control action; standard ranges, 
—100 to + 100 F, 0-100, 0-200, 0-300, 0-400, and 
0-600 F; calibration accuracy, +0.25% of range 
span; actuates on deviation of 0.1-F; voltage varia- 
tions do not impair calibration accuracy; single- 
pole double-throw load contacts are rated 3 amp 
at 115 v ac; signal contacts operate red and green 
pilot lights on door; relay is de-energized in case 
of instrument or tube failure. 

Design: Null-balance ac Wheatstone bridge controlied 
by slidewire dial with 10:1 vernier drive; bridge 
unbalance voltage is amplified electronically to op- 
erate relay; welded steel case with gasketed alu- 
minum door, moistureproof and dust-tight, for flush 
panel or wall mounting. 





For more data circle MD 40, Page 217 
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contact KAY UON as westese 


FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120° OUTSIDE DIAMETER 











tor 


KAYDON two-row Special Ball Bearings 
8.062” x 10.687” x .750” 


" | Dependable Life-Savers 


| ... KAYDON-bearinged 
| <p HELICOPTERS 


ONTROL movements of Piasecki HUP Helicopters . . . life- 

savers of the air . . . are transmitted to the spinning rotor 
blade assemblies by means of a swash plate that moves on 
unique two-row KAYDON Special Ball Bearings. 





Control of the helicopter is obtained by the movement of its 


Ss, rotor blades. Each blade can move in six different directions 

- while they are rotating. Thus the mechanism responsible for 

a control movements is complex, important, and it demands the 

e- utmost in bearing-precision. 

° KAYDON met the challenge of this intricate bearing-problen. with j 

se these special two-row, thin section, 8.062” x 10.687” x .750” ball ee eee : 
bearings. Similarly, KAYDON cooperates with designers of many 

7 types of precision equipment to achieve their objectives. 


2 | KAYDON Types of Standard and Special Bearings: 

h Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
e Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 
| THE ENGINEKFERBIN G CORP. 








MUSKEGON © MICHIGAN 
ae aoc BALL AN D ROLLER BEARINGS 
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available 
for over 


COMBINATIONS 


of door 
and frame 
thicknesses 


Hartwell Trigger-action Flush 
Latches are produced in over 300 
stock combinations of bolt and 
trigger offsets. We can supply a 
latch for any door of any thickness 
to be latched in a frame of any 
thickness to your specifications. 
No altering of panels and frames 
is necessary when Hartwell Flush 
Latches are installed. Offsets of 
bolt and trigger are stamped on 
each part for rapid and accurate 
selection of the correct latch 

for each installation. 

All Hartwell Flush Latches and 
Hinges are the result of over a 
decade of continuous specialized 
design and manufacture. 





Write for new 
Flush Latch and 
Hinge Catalog. 





HARTWELL 


COMPANY 
9035 VENICE BOULEVARD, 
LOS ANGELES 34, CALIFORNIA 












OF MACHINES 






MACHINE DESIGN takes pleasure in announcing th 
promotion of Robert L. Stedfeld to the position ¢ 
Associate Editor and the addition of Keith A. 
son to the editorial staff. Mr. Carlson began hi 





Keith A. Carlson 


Robert L. Stedfeld 


duties as Assistant Editor on August 25. This month's 
“Over the Board” columns on Page 4 discuss thes¢ 
appointments in detail. 


¢ 


New assistant director of the Borg-Warner Re 
search Laboratory in Bellwood, IIl., is Carl R. Fre 
berg. Dr. Freberg was formerly in charge of the 
Equipment Research Department of the Naval 
Civil Engineering Research and Evaluation Lab- 
oratory at Port Hueneme, Calif. He also has 
headed the Industrial Engineering Division of the 
Southern Research Institute in Birmingham, Ala., and 
has served as a research engineer for Carrier Corp. 


+ 


Formerly chief engineer, W. Ray Spiller has bee! 
appointed to the post of vice president for engineer 
ing of the Harris-Seybold Co., Cleveland. 


° 


East Coast Aeronautics Inc., a subsidiary of Barium 
Steel Corp., located in Pelham Manor, N. Y., ha 
appointed J. P. Donald Garges as vice presidcnt o 
engineering and assistant general manager. Mr. 
Garges has held the position of chief engineer with 
this company since 1948 and altogether has hac ove! 


20 years of experience in the aircraft industry. He 
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Do you know 


THESE NEW FACTS 


G-E Silicone Rubber? 


th 


about 


ese 


{e+ 
he 
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ib- 
as 
he 
nd 
"p 


0) 
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i use silicone rubber in the design of 
parts or equipment? 


If you have, you'll be interested in some new 
facts regarding this remarkable material. And 
if you haven’t used or specified silicone rub- 
ber before, these new discoveries may sug- 
gest how you could take advantage of its 
unusual properties in your business. 


COSTS GREATLY REDUCED 


New types of silicone rubber, developed by 
General Electric, are THREE TIMES AS 
STRONG as early varieties. Yet this new 






CLIP THIS COUPON 









GENERAL 





rubber actually costs much less. Its amazing 
heat- and cold-resistant properties have made 
it ideal for applications where no other rub- 
ber could meet specifications. 


WHERE CAN YOU USE IT? 


If you haven’t investigated G-E silicone rub- 
ber /ately, you'll want to get the facts about 
these import.nt new developments. A book- 
let describing some of the uses and outlining 
the characteristics of this amazing material 
has just been printed. We'll be glad to send 
you a copy, free. Just use the coupon. 


General Electric Company 
Section 131-58 
Waterford, New York 
Please send me, free, your new booklet, “Imagineering with 
Silicone Rubber.” I am principally interested in: 
( ) Silicone seals ( ) gaskets ( ) boots 
( ) Silicone rubber insulated wire 
( ) Silicone belting 
( ) Silicone hose and ducting 
( ) Silicone rubber tapes and cloths 





8 | LANE WIRE BELT 


INCREASES CAPACITY 20% 


DECREASES HANDLING 25%! 


A large producer of medical and biological glassware 
wanted to boost capacity and efficiency in decorating his 
product. The cumbersome, two-pass system formerly 
used required excessive handling, forced high maintenance 
costs on special fire clay holders, held production rates far 
below customer demand. 


Cambridge engineers, working with the customer’s staff, 
designed the special 6 lane woven wire conveyor belt 
installation shown above. Ware to be fired is placed on the 
belt from six decorating stations at the feed ends of the 
belts. The moving belts carry it through a standard one- 
pass decorating lehr at 1200° F., completely eliminating 
manual handling during firing. Also, specially crimped 
rods mounted across the belt to hold the ware eliminate the 
need for fire clay holders. Oxidation resistant alloy wire 
used in weaving the belt reduces marking of the ware. Open 
mesh of the belt permits free heat circulation within the 
lehr, assures uniform production, minimizes rejects. 


By actual comparison, this Cambridge belt installa- 
tion allows 3 operators to service 6 loading stations, 
whereas the former method required 4 operators for 
only 5 stations! 

Whether you're processing ceramic products, foods, 
chemicals or metal parts, a Cambridge Woven Wire Con- 
veyor Belt can help combine movement with processing 
to reduce costs, increase uniformity, speed production. 
Call in your Cambridge field engineer soon to 

discuss your process in detail. Rely on his 
experienced advice. Write direct, or see 
“Belting-Mechanical” in your classified 

telephone book. 


The Cambridge 
Wire Cloth Co. 


Dept. N* Cambridge 10, Md. 


FREE REFERENCE 
MANUAL describes 
Cambridge belts for 
your industry, gives 
conveyor design and 
metallurgical data. 

Write for yours now. 


METAL , a: 
* CONVEYOR > METAL 

1388) *—?T"T FABRICATIONS 
INDUSTRIAL CITIES 


OFFICES IN PRINCIPAL 
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has served as chief engineer for both the Personal S} 


Planes Div. of Fairchild Engine and Airplane Corp, 
and the Eastern Aicraft Div. of General Motors Corp, 


e 


Alexander R. Lindsay, chief engineer of the auto 
motive division of Budd Co., Philadelphia, was re. 
cently named to succeed Maj. Gen. G. M. Barnes, 
U.S.A. (ret.), who is retiring as vice president in 
charge of research and engineering. 


* 


Veteran RCA engineer and pioneer in radio and 
television, Edward Stanko has been appointed to the 
newly created post of manager of engineering, tech- 
nical production division, RCA Service Co. Inc. Mr. 
Stanko will direct specialized training of field person- 
nel, preparation of technical information, and devel- 
opment of new and improved methods for installation 
and servicing of RCA technical products. 


o 


Otto Jahek has been promoted to manager of the 
department of special development for Fritz Fischer 
Inc., New York. 


* 


Recent changes in the technical staff of the Con- 
tinental Screw Co., New Bedford, Mass., include the 
appointment of Harvey F. Phipard Jr. to the position 
of director of research and engineering and Edward 
J. Locke Jr. as chief engineer. 


* 


Martin George has been appointed chief engineer 
of the design and development division of Columbian 
Vise & Mfg. Co., Cleveland. 


S 


The Franklin Institute of the state of Pennsylvania 
has awarded its Certificate of Merit to Arthur M. 
Stoner for his development of a chuck and collet com- 
bination for lathes to hold cylindrical work during 
machining. Mr. Stoner, vice president in charge of 
engineering of The Jacobs Mfg. Co., West Hartford, 
Conn., will receive the award at the Institute’s Medal 
Day ceremonies in Franklin Hall on October 15. 


. 


Herbert B. Hummer has been appointed director of 
research for the Durametallic Corp., Kalamazoo, Mich. 


a 


The entire engineering section of Carboloy De 
partment of General Electric Co., Detroit, has bee? 
expanded to meet the increased engineering needs of 
the department, which has broadened the scope of its 
activities in the field of man-made metals. The expal- 
sion provides for advanced metals development, proc 
ess and product development, application engineer 
ing, and production engineering. Named to new posts 
in the organization are E. W. Engle, product and proc 
ess engineering manager; E. E. George, design and 
application engineering manager; R. A. Canning, pro 
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|| Double 


orp. 
Orp. ae 4 Box 


ECONOMICALLY PERFOR 
OF 


: Machinery 


“| DEMANDED IN MAN 


ler 


OUBLE A PRODUCTS COMPANY offers a 

wide line of Control Valves in standards and 
specials designed around the ten basic types 
shown here. 










If your design engineers cannot find among the 
Double A Valve line a combination that will meet 
their exact hydraulic control requirements, our 
engineers stand ready to 
consult with your engineers 
regarding your specifica- 
tions and recommend mate- 
rials, methods and designs 
to give you the finest qual- 
ity hydraulic control valves. 
Detailed pamphlets and catalogs will be fur- 
nished upon request by your nearest representa- 
tive or the home office at Manchester, Michigan. 











pousLe AA PRODUCTS Co. 


MANCHESTER MICHIGAN 


—_— 





REPRESENTATIVES 


; AMHERST, MASS. CLEVELAND, OHIO HOUSTON, TEXAS MUNCIE, IND. ROCHESTER, N. Y. 
f Compressed Air Products Cleveland Duplex Mach, Co. Lynn Elliott Co. Tec ae Corp. R. C. Neal Co., Inc. 

MANTA, GA. DALLAS, TEXAS KANSAS CITY, MO. NEW YORK, Ws SEATTLE, WASH. | 
S J. A. Postell Lynn Elliott Co. Lynn Elliott Co. the nn Ay Air Products The Rucker Co. 

WFFALO N. Y. DETROIT, FLINT & LOGANSPORT, IND. NORTH LIMA, OHIO SYRACUSE, N. Y. 

RC. Neal Co., Inc. aa ty RAPIDS, MICH. Tec Engineering Corp. Hydraulic Power Equip. Co. R. C. Neal Co., Inc. 

CHICAGO, ILL. . A. Fauver Co. LOS ANGELES, CALIF. OAKLAND, CALIF. TORONTO, ONTARIO, 

Walter Norris Engineering Co. eLlicoTT CITY, MD. The Rucker Co. The Rucker Co. Paul R. Scott, Lid. 

CINCINNATI, OHIO Colliflower, Inc. MAPLEWOOD, N. J. PHILADELPHIA, PA. TRENTON, N. J. i 

Henry M. Wood Co. ELMIRA HEIGHTS, N. Y. Compressed Air Products The Battersby Co. The Battersby Co. j 
. R. C. Neal Co., Inc. MILWAUKEE, WIS. PITTSBURGH, PA. 
° ERIE, PA. C. L. Thompson Weinman Pump & Sup. Co. 

Erie Industrial Supply MOLINE, ILL. 


; Marvin A. Heeren & Co. 
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The Cushman “Husky” engine, service-proved and 
backed by over 50 years of production experience, is 
clearly a leader. 


Four-cycle, single-cylinder, L-head Cushman engines, 
with three models developing from 1.5 to 6.0 HP, 
are adaptable to hundreds of operations. They are 
particularly suited for original equipment installations 
requiring high-output, long-life engines. 

Compact and lightweight, all models of the “Husky” 
are designed to deliver their full rated horsepower 
under load hour after hour with maximum efficiency 
and minimum service and attention. 

Manual positive action, 
automatic and disc-type 
clutches, transmissions 
with forward and reverse 
gears, and other accesso- 
ries are available with all 
models. 


’ Serviced internationally by Cush- 
man Motor Scooter Dealers. 


Investigate today 
™ by writing for free 
details and infor- 
mation. 


CUSHMAN 
MOTOR WORKS, INC. 
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963 WO. 21ST ST. + LINCOLN, NEBRASKA 
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duction engineering manager; and R. L. Brownle Ne 


administrative engineer. Mr. Engle was formerly 
manager of process engineering; Mr. Canning, man 
ager of service engineering; and Mr. Brownlee, man 
ager of production at the Carboloy plant in Detroit 
Mr. George was formerly manager of permanent 
magnet engineering with headquarters in Scheneec 
tady, N. Y. 


¢ 


Forrest S. Mabry was recently appointed engineer 
ing manager of the Electronics Div. plant of Westing 
house Electric Corp. in Baltimore. 


° 


Vice president in charge of engineering since 1942 
George H. Acker has been elected executive vice pres 
ident of Cleveland Worm & Gear Co., Cleveland, and 
of its subsidiary, Farval Corp. 

















° 


Donald Benson has been appointed chief enginee 
in charge of the newly formed engineering research 
and development division of the Toro Mfg. Co. i 
Minneapolis. 


e 


Illinois Institute of Technology, Chicago, recentl) 
appointed Martin A. Elliott, former chief of the syn 
thetic fuels research branch at the U. S. Bureau of 
Mines, Pittsburgh, to the post of research professo 
of mechanical engineering. 


° 


Samuel Sloan Auchincloss has been named ex 
ecutive vice president of DeWalt Inc., a subsidiar) 
of American Machine & Foundry Co. 


* 


Thomas B. Woersching has been named chief aero 
dynamicist at the Goodyear Aircraft Corp., Akron, 0 
He will be in charge of all aerodynamics work for the 
company’s engineering division. 


* 


Co-design Corp., Winchester, Mass., a new corpo 
ration which will engage in the engineering and 
manufacture of special instruments and devices, has 
named Donald E. Williamson as president. Mr. Wil 
liamson was formerly associate director of researe 
of Baird Associates Inc. 


+ 


The Deepfreeze Appliance Div. of Motor Products 
Corp., Detroit, recently announced the appointment ol 
Harley W. Whitmore to the newly created post 0 
director of engineering. 


° 


To make his headquarters at the company’s steel 
fabricating plant in Bethlehem, Pa., John H. Portet 
has been appointed chief engineer for Luria Stee! Co 
He was formerly assistant chief design engineer ! 
the machinery division of Dravo Corp. 
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“\ational Engineering Research 


Siinds the economical solution 
























. The problem: 


to insulate a 5 kilovolt, 1500 ampere bus 
bar installation 





9498 Recently I-T-E Circuit Breaker Company of Philadelphia 
req had the problem of completely insulating 5 kilovolt, 1500 
an] ampere 3 phase bus bar units for an Atomic Energy Com- 
mission installation. It was simple enough to insulate the 
bus bars with oval Phenolite tubing. But, to completely 
insulate the bus supports and expansion joints was a real 





























a problem. I-T-E’s engineers showed us what they wanted... 
jg =: postformed Phenolite insulating covers ... drawn deeper 
than anything we had ever attempted. Our engineers 
tackled the problem. 
ntly . 
| The solution: 
10 
s0 Phenolite Grade X-114A postforming ma- 
terial and National’s technical ‘‘know 
how’’ in the design of forming dies 
ex§ Perhaps your problem doesn’t involve the insulation of 
arya 5 KV, 1500 ampere bus bars. But maybe you have an insu- 
lating problem where National can give you some real a ” alla | 
help in solving how to do your certain job economically. 
Write us, our engineering service is immediately available. 
TO 
0 
the Nati , , 
National Laminated Plastics 
nationally known—nationally accepted 
po 
and 
ha 
Vil 
™ The perfect insulation material for high and 
low voltage applications, Phenolite possesses 
an unusual combination of properties. It has 
great mechanical strength and high resistance 
ct to moisture; ready machinability; is about 


one-half the weight of aluminum. Standard 

colors are natural, black, chocolate; mirror, 

0 semi-gloss and dull finishes. Sheets, Rods, 
Tubes, Special Shapes. 


ef National Vulcanized Fibre Company 
Wilmington Delaware 


I Offices in Principal Cities 
Since 1873 





Here’s Why 


AIR CARGO CONVEYOR, 
manufactured by Hicksville 
Fabricators Inc., Hicksville, 
N.Y. uses S-N Reversing 
Transmission. 


S‘N’s 
Your Buy 


elm Clila 
Smooth 
Reversing 








SNOW-NABSTEDT 
5107 Reversing Transmission 


REVERSES 
1. Without hesitation 
2. Under full load 
3. Smoothly, quietly 
Transmits up to 10 H.P. 
3.75:1 Reduction forward and reverse 











m 
Anyone with an eye for economy 


, logic 
. 1 recognize the 
will readily © «ce of equipment 


that doe 

SAVES the purchase P seo 
her three (in many ! 

; e S-N Reversing Trans 
scion eliminates © separate 

yo countershaft 


clutch, 
brackets). it SAVES 


can pocket these 
on to 


rice of the 


tions, th 


S or pass them 


SAVING give you 9 


your customers to A te 
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*Bulk Materiol 
Handling Truck 


DIRECTING POWER 
FOR GREATER PROFIT 


%* FOR MANY KINDS OF MATERIALS Since 1906 


HANDLING & FARM EQUIPMENT 


The 
SNOW-NABSTEDT 


GEAR CORPORATION 
%& 237 Welton Street, Hamden, Connecticut %& 
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The Snow-Nabstedt Gear Corp. 

237 Welton St., Hamden, Conn. 

Gentlemen: Kindly send Ind. Reduction Gear Catalog. Our 
equipment application is: 
NAME 
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ADDRESS 
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Recent Books 


~| Statistical Theory with Engineering Applications. 3 
A. Hald, professor of statistics, University of Copenhage 
Denmark; 783 pages, 64% by 10 inches, clothbound; put 
lished by John Wiley & Sons Inc., New York; availabl 
from MACHINE DESIGN, $9.00 postpaid. 






The aim of this book, as explained by the author, 
“to provide a fairly elementary mathematical trea 
ment of statistical methods of importance to the ae 
gineer in his daily work.” In accordance with th 
view, the mathematical techniques employed sta 
within the bounds of standard differential and inte 
gral calculus. Applications taken from the autho 
experience are used throughout the text to dramatiz 
the significance of the theorems. In the choice « 
statistical methods considered, main emphasis hz 
been placed on the normal distribution and its relate 
tests because of the practical value thus obtained. 

Introductory chapters deal with the calculus . 
probabilities and representation of observations an 
are followed by chapters on empirical, theoretic 
normal, and skew distributions. Succeeding chapte 
discuss limit theorems and sampling distributions 


| distribution of the mean, x?-distribution, distributio 
of the variance and the range, statistical control, dis 
tribution of the variance ratio, t-distribution, analysi 


of variance, sampling, linear regression analysis, two 


correlation and regression, binomial and Poisson dis 
tribution, multinomial distribution, and the 2?-tes 
In the concluding chapters sequential analysis an 
the main points of a statistical analysis are covered 
To further augment the material in the text, a sep 
arate 97-page book of statistical tables and formula 
is also available. 


Handbook of Engineering Fundamentals. Edited > 
Ovid W. Eshbach, dean, Northwestern Technological ! 
stitute; 1922 pages, 5% by 8% inches; imitation leathe 
bound; published by John Wiley and Sons Inc., Ne 
York; available from MACHINE DESIGN, $10.00 postpaid 


This second edition, rewritten from the origin 
1936 volume, is 240 pages larger than its predecess0 


' and represents the efforts of 39 contributors. 


jective of the handbook is to present in a sing! 
volume those fundamental laws and theories of s¢ 
ence which are basic to engineering practice. Ma 
up in 14 sections, the handbook covers mathematica 
and physical tables; mathematics; physical units 4! 
standards; mechanics of rigid bodies; mechanics ° 
incompressible fluids; aerodynamics; thermodyna™ 
ics; electricity and magnetism; radiation, light, 2” 
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- p-to-the-Minute News vs. Deadlines: 
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‘lvsift™ Pages of type are set mechanically, in the time 1890, covers this entire era of mechanization progress: 

ys : , ‘ : 

onl omerly required for just a few hand-set paragraphs. Emerson-Electric Motors bring to your product the bene- 

; hanks to the invention of power-driven typesetting fits of this valuable experience plus an enviable reputation 

a qipment, and its ready adoption, your modern news- for dependability and efficiency. 

-tes toad — edition deadlines with ease and with all Consult with us, without obligation, about motors for 
ppto-the-minute news. your regular or new products. Standard Motors are made 

eredglt all walks of life electric motor power has lightened in horsepower ratings 1/20 to 5 H.P., and Hermetic 

seme burden of toil and made working hours more pro- Motor parts 1/8to 15 H.P. Write... 


sulauctive. Emerson-Electric experience, dating back to THE EMERSON ELECTRIC MFG. CO., St. Louis 21, Mo. 





Ih EMERSON-ELECT RIC’S unique 


nq | futeefieeting 
“ SERVICE 
= solves your power problems 


Ob Our engineers are eager to work with 
yours in designing and providing the 














ng} correct motor for contemplated new 
scl or improved appliances or equip- 
fad ment. “TWIN-GINEERING” saves 
a costly engineering “back-tracking,” 
ica and may suggest short cuts and prod- 
uct improvement. Write today for 
an Bulletin No. M157. MOTORS - FANS 
s 0 
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MLEADERS IN THE MOTOR AND FAN 
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VARIABLE 





SPEED 
TRANSMISSIONS 


Wherever you install a LOVEJOY Select- 
O-Speed Transmission you insure com- 
plete control of operational speeds at all 


times. Practically at the touch of a finger 
an almost infinite number of speed varia- 
tions can be obtained—instantly—while the 
machine is running! Operational variables 
are no problem. Adjustment for operator 
ability, handling parts or stocks of various 
sizes, material differences, temperature 
changes, etc., are accomplished without 
loss of time or labor. 


LOVEJOY Select-O-Speed Transmissions 
are economical in initial cost, as well as in 
upkeep. They use standard V-belt drives 
and can be readily installed on new or 
old machines. Ratios up to 10 to 1. Sizes 
to 7% hp. Lever, hand wheel, or electric 
motorized control. Fully enclosed for safe- 
ty and protection against dirt and foreign 
particles. 


Write today for 
illustrated catalog 
and engineering data 


Also Mfrs. of Lovejoy Flexible Couplings, 
Lovejoy Variable Speed Pulleys and 


| 
LOVEJOY FLEXIBLE COUPLING CO. | 


5018 W. Lake St. Chicago 44, Illinois 


Lovejoy Universal Joints. 
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acoustics; chemistry; metallic and nonmetallic ma 
rials; and engineering law. 


(\'The Science of Flames and Furnaces. By M. W. Thri 

head of physics department, British Iron and Stee! Asgq 
ciation; 430 pages, 5% by 8% inches, clothbouni; p 

lished by John Wiley & Sons Inc., New York; availat 
from MACHINE DESIGN, $6.50 postpaid. 


Design of industrial furnaces heated by flames 
the subject of this monograph. Emphasis is place 
on (1) the gap between the fundamental sciences an 
industrial furnace design and use, (2) design diag 
nosis and (3) the theoretical approach to problems ¢ 
furnace heating. 


Cutting-Tool Materials By Eric N. Simons; publishe 
by Sir Isaac Pitman ¢& Sons Ltd., London; 190 page 
5% by 8% inches, clothbound; available from MACHIN 
DESIGN, $4.50 postpaid. 


Steels and alloys used in cutting tools—their appl 
cations, heat treatment, and basic composition— 
the subject of this descriptive English book. Begin 
ning with a chapter on carbon tool steels, the tex 
goes on to take up die steels, chisel steels, miscellane 
ous alloy tool steels, high-speed steels, and alloy stee 
for plastic molds and hobs. Butt-welded and atomi 
hydrogen-welded tools are dealt with next, followe¢ 
by chapters on stellite and cemented carbides. Con 
cluding chapters cover grinding and testing of th 
various materials. In addition, an extended appendi 
contains an alphabetical cross-referenced list of dif 
ferent tools with recommendations as to suitable ma 
terial, compositions and heat treatments. 


Application of Linear Programming to the Theory 6 
the Firm. By Robert Dorfman, assistant professor 0 
economics, University of California; 108 pages, 6 by § 
inches, clothbound; available from University of Cali 
fornia Press, Berkeley, Calif.; $3.50 postpaid. 


This monograph, prepared originally as a doctora 
dissertation, applies mathematical form—the linea 
equation—to the planning of the firm. The method 
is evaluated in terms of the variables encountered i 
production problems. A theory of production de 
cisions for the use of industrial engineers, industria 
and economic statisticians, and production planners 
is presented. 


Personnel Administration. By William W. Waiie, & 
sociate professor of industrial engineering, Columbia 
University; published by Ronald Press Co., New York; 
683 pages, 6 by 9 inches, clothbound; available from 
MACHINE DESIGN, $7.00 postpaid. 


Authored by an educator who has had experience 
with personnel and labor relations problems «s # 
industrial supervisor and labor arbitrator, this text 
book provides a synthesis of the philosophicai am 
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Hundreds of Applications 
prove 


RELIANCE 
SNAP RINGS 


Reduce costs by saving material — 
machine time, and labor. 











These three big factors in your manufacturing cost picture—material, machine time 
and labor—can be materially reduced by checking into RELIANCE RINGS when you 
design shaft assemblies, bearing applications or counterbores. By the simple expedient 
of machining grooves in your shaft (instead of machining the entire shaft), Reliance 
Rings snap into place to serve as shoulders for properly locking bearings or gears in RING FOR EVERY 
position. In the same manner, you eliminate counterboring to form internal shoulders. APPLICATION” 
To meet every need, Reliance Rings are available in all sizes, and manufactured from 

carbon, alloy, stainless steel and non-ferrous metals. Write today for your free copy of 

Engineering Folder 4K/3 that gives you complete engineering details on Reliance Rings. 


“THERE’S A RELIANCE © 


See us at 


THE NATIONAL METAL EXPOSITION 


Philadelphia, Oct. 20-24, Booth No. 912 






OFFICE AND PLANTS = MASSILLON, OHIO 
SALES OFFICES: NEW YORK ¢ CLEVELAND * DETROIT * CHICAGO © ST. LOUIS 
SAN FRANCISCO ¢ MONTREAL 





DESIGNING FOR DEFENSE? 


UTILIZE COMPACT 


SYNCHWOL 


TRADE MARK 


TIMING MOTORS 

TIMING MACHINES 
CLOCK MOVEMENTS 
D. C. MOTORS 


D.C. MOTORS 


POWERFUL, PRECISE 
SYNCHRONOUS 
MOTORS 


SYNCHRON  synchro- 
nous motors meet your 
requirements for com- 
pact power. Pulls up to 
8 oz. direct load con- 
tinuously at I R.P.M. 
Gear trains can be 
furnished to convert to 
any speed. Unusual ac- 
tions can be incorporated 
in movement. Our engi- 
neers will be glad to 
work with you in develop- 
ing motors for special 
applications. 

Hansen D.C. motors 
powered servo units 
which won Army-Na 
E. Used also in aircra 
instruments and radio 
control mechanisms. 


HANSEN 


MANUFACTURING COMPANY INC. 
PRINCETON, INDIANA 


PLEASE SEND ENGINEERING DATA ON: 


C1 SYNCHRON TIMING MOTORS 

1 SYNCHRON TIMING MACHINES 

[CJ SYNCHRON CLOCK MOVEMENTS 

[1] MAGNA-TORC DIRECT CURRENT MOTORS 
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practical approaches to personnel administration. Ag 
tual case histories are used to illustrate fundamentalg 
and bibliographies are provided to acquaint the reade 
with additional collateral readings. Divided into four 
main parts, the book covers: starting a personnel ad. 
ministration program, assembling a working foree, 
maintaining satisfactory working conditions, and pro. 
viding adequate personnel relations. 


} 
 \Tractors and Their Power Units. By E. L. Barger, W, 
M. Carleton, E. G. McKibben and Roy Bainer; 504 pages, 
5% by 8% inches, clothbound; published by John Wiley 
é& Sons Inc., New York; available from MACHINE DESIGN, 
$6.50 postpaid. 


Sponsored by the Ferguson Foundation and written 
on a technical engineering level, this treatise brings 
together and summarizes data from selected papers 
and bulletins on the subject of tractors and farm 
power. Principles and fundamentals of the mechan 
ics and dynamics of tractor chassis are treated in de 
tail; introductory information and descriptive mate 
rial are kept to a minimum. 


\ The Principles of the Control and Stability of Aircraft, 

By W. J. Duncan, professor of aeronautics and fluid 
mechanics, University of Glasgow, Scotland; 400 pages, 
5% by 8% inches, clothbound; published by Cambridge 
University Press, New York; awailable from MACHINE 
DESIGN, $8.00 postpaid. 


A systematic treatment of the modern concepts of 
stability and control in aircraft is presented. Higher 
branches of mathematics have been avoided; an ele 
mentary knowledge of algebra, trigonometry and cal- 
culus is sufficient for understanding. 


\X Fuels and Combustion. By Marion L. Smith, assistant 
professor of mechanical engineering, and Karl W. Sti 
son, professor of mechanical engineering, Ohio State Uni- 
versity; 348 pages, 6 by 9 inches, clothbound; published 
by McGraw-Hill Book Co. Inc., New York; available 
from MACHINE DESIGN, $6.50 postpaid. 


Fundamental and factual information concerning 
solid, liquid, and gaseous fuels and the problems ass0- 
ciated with their combustion are presented in this 
textbook. 


Association Publications 


Bolt, Nut and Rivet Standards. 256 pages, 5% by 8% 
inches, imitation leather bound; available from Indus 
trial Fasteners Institute, 3648 Euclid Ave., Clevelan’ 15, 
O.; $3.00 postpaid. 


Replacing the first edition, the so-called “Red Book” 
which was issued in 1941, this new handbook co 
tains all current standards for commercial fasteners. 
In addition, a section is included on weights, stock 
production sizes, recognized fastener specifications, 
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Case Histories that Prove the Value 
of Mercury Automatic Clutches... 


; Affe lications 


Air Conditioning 
Aircraft 

Blowers 

Centrifuges 
Compressors 
Concrete Machinery 
Conveyors 

Cream Separators 
Door Operators 

Dry Cleaners 
Electrical Appliances 
Elevators 

Extractors 

Farm Machinery 
Food Processing Machinery 
Industrial Equipment 
Lawn Mowers 
Marine Drives 
Materials Handling 
Mixers 

Motor Generators 
Packing Machinery 
Paper Machinery 
Power Saws 

Printing Machinery 
Pumps 

Refrigeration 
Stokers 

Textile Machinery 


Washing Machines 


WIRE WINDER...A Mercury Automatic 
Clutch allows normal starting without wire 
breakage. In one Wisconsin plant 14 of these 
units are running 18 hours per day with very 
little maintenance. Improved production re- 
ported. 


COMMERCIAL DRY CLEANER...A Mercury 
Automatic Clutch reduced the wattage input, 
avoided cycling on the starting relays, and held 
the motor at an efficient speed while the load was 
gradually accelerated. Use of clutch permitted 
manufacturer to redesign machine, increasing 
capacity 25% without increasing motor size. 


12 SPOOL PLANETARY CABLER...A 
Mercury Automatic Clutch allows the 10 HP 
motor to start load-free and to operate at an 
efficient speed while accelerating. Motor starts 
the load without drawing excessive current, per- 
mitting across-the-line starting. Wire breakage 
greatly reduced. 


HYDRAULIC BEAMER...The Massachusetts 
plant which installed this Mercury Automatic 
Clutch on a 10 HP motor reports that they have 
eliminated former yarn breakage due to starting 
with variable speed unit set for high speed opera- 
tion. Clutch permits soft, gradual starting. 


3 Mercury Catalogs... 


Mercury Automatic Clutches 


Have These Outstanding Features 


Multi-Purpose * Completely Automatic * Lightweight 
Dependable « Positive Drive * Smooth Pick-Up « Positive 
Release ¢ Inertia Delay » Dynamic Balance *« Operate 
in Either Direction * Long Life * Overload Protection 


7 


“les 
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MERCURY CLUTCH DIVISION 


AUTOMATIC STEEL PRODUCTS, INC. 


CANTON 6, OHIO 
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Engineering ed 
Ability 


ele) Malelio Mel Mie igi acel>) (tub 


... With Springs by 
AUTOMATIC SPRING COILING COMPANY 


This clutch manufacturer was having a problem. 


The action of a lever in this particular type of clutch was 
such . . . that tension had to be applied in quite an unusual 
manner. And not only was there no standard spring to do 
the job... but also no known machine capable of turning 
out the necessary custom-built spring! 


Then Automatic Spring Coiling Co. was called in... 
and we put Engineering Ability to work. 


Our consulting engineers analyzed the situation . . . and 
designed a special machine to produce a special spring... 
which was also *Shot-peened for fatigue strength, thereby 
adding immeasurably to its life potential. 


Samples were made and put to repeated and conclusive 
tests. RESULT: More perfect clutch operation with guar- 
anteed longer life and a considerably lessened chance for 
shock, slippage, vibration, grabbing and chattering. 


Make it a point to consult Automatic Spring Coiling 
Company early in the job. Take advantage of our... 
ENGINEERING ABILITY... gleaned from 30 years 
of Precision mechanical spring specialization, and by 
strict adherence to Quality-Controlled standards. 


* Incidentally, ““Shot-peened”’ springs for added fatigue strength 
are among our specialties. 


Our veteran consulting engineers are ready to survey your require- 
ments without obligation. Write us today for full details, 


AUTOMATIC SPRING COILING CO. 


4043 West Thorndale Avenue 
CHICAGO 30, ILLINOIS 
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terminology and abbreviations, screw threads, gaging 
practices, fastener materials and manufacturing proc- 
esses. 


SAE Manual on Shot Peening. 45 pages, 8% by ll 
inches, paper bound; available from Society of Automo- 
tive Engineers, 29 W. 39th St., New York 18, N. Y,; 
$1.50 for members, $3.00 for nonmembers. 


Prepared by the SAE Iron and Steel Technical 
Committee, this manual is intended as a practical aid 
to designers and engineers, pointing out both the pos- 
sibilities and the limitations of the shot peening proc- 
ess. Covered in the manual are description of the 
process, types of shot peening machines, shot mate- 
rials, effect of shot peening, production procedure, 
theory of strengthening metals by shot peening, and 
process specifications. A table of examples of cur- 
rent shot peening practice and a bibliography are also 
included. 


~ Standards of Tubular Exchanger Manufacturers Asso- 
ciation. Third edition; 162 pages, 8% by 11 inches, wire- 
ring binding with flexible cover; available from TEMA, 
53 Park Place, New York 7, N. Y., $5.50 postpaid. 


Revised from the 1949 volume, this new edition 
covers standard nomenclature; material specifica- 
tions; thermal standards; maintenance suggestions; 
mechanical standards for Class A, C, and R heat ex- 
changers; and general design information. The sec- 
tions on Class A heat exchangers (alloy steel) and 
general design information are new and the other sec- 
tions have been expanded to conform with recent find- 
ings and conclusions of the TEMA Technical Com- 
mittee. 


Government Publications 


Federal and State Weights and Measures Laws. Ne 
tional Bureau of Standards Circular 501; 1182 pages, 8 
by 10% inches, imitation leather bound; available from 
Government Printing Office, Washington 25, D. C.; $5.75 
postpaid. 


Superseding three earlier volumes published by 
NBS in 1904, 1912 and 1926, this compilation com- 
prises an up-to-date collection of federal laws and 
regulations and state laws dealing with the regula 
tory control of commercial weighing and measuring 
equipment and practices. 


Printed Circuit Techniques: An Adhesive Tape-Resistor 
System. By B. L. Davis; National Bureau of Stan/ards 
Circular 530; 83 pages, 7% by 10% inches, paper-bownd, 
available from Government Printing Offiee, Washi qton 
25, D. C.; 30 cents postpaid. 


This circular presents a complete description 0: de 
velopment work on an adhesive tape-resistor ¥ hich 
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permits close control of resistance values. The work 
is part of a program sponsored by the Navy Bureau 
of Aeronautics and conducted by the National Bureau 
of Standards for the purpose of improving techniques 
for printing electronic circuits and subassemblies for 
airborne use. Included in the circular are a description 
of the carbon-resin film-type resistor developed, de- 
tailed information on production of the resistors and 
on equipment and materials needed, specifications and 
test methods, appendixes containing data on the car- 
bons studied, and source of supply lists for all un- 
common materials. 





NACA Technical Series. Each publication is 8 by 10% 
inches, paperbound, side-stapled; copies available from 
National Advisory Committee for Aeronautics, 1924 F St. 
N. W., Washington 25, D. C. 


The following Technical Notes are available: 


2671. Investigation of Stress Distribution in Rectangular Plates with 
Longitudinal Stiffemers Under Axial Compression After Buckling—61 
pages 

2679. The Stability Under Longitudinal Compression of Flat Sym- 
metric Corrugated-Core Sandwich Plates with Simply Supported Loaded 
Edges and Simply Supported or Clamped Unloaded Edges—27 pages 

2680. A Compressible-Flow Plotting Device and Its Application to 
Cascade Flows—21 pages 

2701. A Survey of the Aircraft-Noise Problem with Special Reference 
to Its Physical Aspects—41 pages 

2703. Electrical Techniques for Compensation of Thermal Time Lag 
of Thermocouples and Resistance Thermometer Elements—85 pages 

2704. Fatigue Strengths of 14S-T4 Aluminum Alloy Subjected to Bi- 
axial Tensile Stresses—24 pages 





Additionally, the following Technical Memorandum 
is available: 


1339. Velocity of Action of Oxygen, Hydrogen Sulfide, and Halogens 
on Metals—21 pages, 








Manufacturers’ Publications 


Modern Arc Welding. 544 pages, 5% by 7% inches, 
imitation leather bound; available from Hobart Trade 
School, Hobart Square, Troy, Ohio; $3.00 postpaid. 


Procedures and practices of arc welding are the 
subject of this rudimentary textbook which contains 
twenty-eight chapters divided into five main parts. 
Part 1 is introductory and covers general informa- 
tion—development, applications, materials, equipment 
and basic procedures of arc welding; Part 2 describes 
detailed techniques; Part 3 discusses carbon-arc weld- 
ing and cutting; Part 4 deals with other arc-welding 
processes; and Part 5 is a glossary of standard weld- 
ing terms. 


“ North American Combustion Handbook. 340 pages, 
6 by 9 inches, clothbound; available from North Ameri- 
can Manufacturing Co., 4455 Hast 71st St., Cleveland 5, 
0.; $2.00 plus postage. 

A basic reference on industrial heating with liquid 
and gaseous fuels, this handbook covers theory of 
Combustion; combustion, heat transfer and fluid flow 
calculations; and combustion equipment selection and 
Operation. 
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KU X 


FIRST NAME IN DIE CASTING MACHINES 



















used to produce DORMEYER 


first name in mixers 


Le @ O Bp | Beats - Mixes - Grinds 
Stirs + Juices » Whips 


ia ae. Slices + Shreds 


. .. The new Dormeyer Power-Chef performs all! To 
produce the die cast parts of this famous food-fixer 
demanded equipment of equal versatility and preci- 
sion... And KUX, First Name in Die Casting Ma- 
chines “delivered the goods” to perfection! 














Kux improved die casting techniques means im- 
proved quality production of YOUR PRODUCT. Let 
Kux engineering know-how, show you how! 


Write for illustrated catalog showing complete line 
of KUX Die Casting Machines. 





MODEL BH-30 ILLUSTRATED 


Hydraulically operated die casting machine for production 
of zinc castings weighing up to 10 pounds. 


KU X MACHINE COMPANY 
6725 N. Ridge e Chicago 26, Illinois 





FIRST NAME IN DIE CASTING MACHINES 
SELECTED BY FIRST NAMES IN INDUSTRY 




















Bearium Turbine Bearing 


THE 
SUPERIOR 


BRONZE for Bearings, 
Bushings and Thrust Washers 


Bearium Pump Bearing 


JOB-TESTED by industry in hundreds of 
varying applications over a period of more 
than 20 years, records of performance prove 
that BEARIUM METAL greatly prolongs bear- 
ing life, prevents scoring and seizing of the 
shaft—saves many times its cost in reduced 
operating expenses and continuous trouble- 
free service. 

The amazing properties of Bearium Metal 
are due to an exclusive process which evenly 
distributes minute lubricating lead globules 


throughout the bronze matrix. 


ROUGH CAST BARS 
INDIVIDUAL CASTINGS 
MACHINED PARTS 
CENTERLESS-GROUND RODS 


LITERATURE 
AVAILABLE ON REQUEST 


YOUR INQUIRIES 
ARE INVITED 


= 
BEARIUM 
METALS CORPORATION 


266 State St. Rochestert4, N. Y. 


NOTEWORTHY 


Lievw SEALING of the impeller against leakage 


commonly encountered with ordinary packings is fea- 
tured in a new centrifugal pump designed for vola- 
tile fluids. Equalizer pistons in open-end displace- 
ment cylinders or tubes having one end in communi- 
cation with the discharge port and the other end in 
communication with the bearing chamber enable the 
pump to pressurize its own lubricant for sealing. The 
transmitted pressure is slightly greater than pumped 
liquid pressure at the shaft seal, thereby preventing 
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ingress of the liquid and assuring lubrication of the 
seal faces. One of the tubes is made of nonmagnetic 
material and carries on its outer surface a C-shaped 
permanent magnet. The magnet moves in unison 
with the steel piston as it nears the end of its useful 
stroke and becomes visible through a bull’s-eye in the 
bearing housing, thus indicating low oil supply. Patent 
2,584,705 assigned to Ingersoll-Rand Co. by Hanns 
Hornschuch. 


Constant FILTRATION EFFICIENCY is ob- 
tained through the use of stainless steel helical 
springs as the filtering element in a vacuumized ro- 
tary-drum sludge remover. Individually, the springs 
are made up of tight-wound helical sections coupled 
internally by short studs. Between the studs is a 
filter core of resilient round material to prevent longi- 
tudinal flow or sludge packing inside the coils. 10 
restrict flow between adjacent springs, outer surfaces 
of the coils are ground cylindrically to a uniform size. 
Traveling belt-fashion about an intake drum, which 
rotates partly submerged in a circulating tank, tlie 
spring elements lay in staggered relationship snug'y 
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REPLACING A HUB ON A GEAR .. . Roll- REPLACING A MACHINED PIN . . . In the REPLACING A HEADED PIN . . . In this 
tn pin, self-retained in shaft, is simply lubrication pump assembly of the hinge pin application, Rollpin is sim- 
snapped into molded slot to position Cummins HR-400 diesel engine, two ply and inexpensively driven in place, 
‘he sintered gear. This application, by Rollpins are used as positioning dow- greatly reducing assembly costs. Con- 
‘he Ditto Inc., effects major savings in as- els. Rollpins are self-retaining in pro- stant spring tension holds Rollpin 
ed sembly. Rollpin’s high shear strength duction-drilled holes . . . quick to as- firmly in place . . . eliminates loosen- 
ng is particularly valuable here. semble and easy to remove. ing of hinge due to wear. 
REPLACING A SET SCREW . . . Paper REPLACING A RIVET .. . Rollpin serves REPLACING A BOLT AND NUT... Rollpins 
feed rollers are quickly, economically as guide shaft for spring-loaded elec- act as fasteners and pivots for the link- 
pinned to shaft by Rollpins in this of- trical interlock contacts. The Square ages in this Miller Electric Welder. 
fice machine made by Ditto Inc. Flush D Company reports that rivet failure Rollpins may be used with a free fit 
fit affords neat appearance .. . spring previously occurred at the clinched in outer or inside members depending 
tension assures positive, permanent end under normal operating impact upon product design requirements. 
positioning of rollers. and vibration. 
8 ct S a 
C ( ’ 
l & ) TRADE MARK 


FOR DESIGN INFORMATION-—fill out and mail our cou- 
pon. If your plans include applications similar to those on 
this page—or clevis pins, keys, taper pins or stop pins—you 
can’t afford to be without details on how much faster and 
cheaper Rollpin can do the job. 





Rollpins are slotted, tubular steel, pressed-fit 
pins with chamfered ends. They drive easily 
into holes drilled to normal tolerances, com- 
pressing as driven. Reaming, tapering, extra 
assembly steps are eliminated. Rollpins are 
locked in place by the constant pressure they 
exert against hole walls. Inserted with an au- 
tomatic press or by hand, Rollpins are readily 
removable with a drift or pin punch—and re- 
usable again and again. 








Dept. R6-104, Elastic Stop Nut Corporation of America 

2330 Vauxhall Road, Union, New Jersey 

Please send me the following free information 

on ESNA-self-locking fasteners: 

— Rollpin bulletin and sample Rollpins [ AN-ESNA conversion chart 


| 

| 

| 

| 

C- Elastic Stop Nut Bulletin [] Here is a drawing of our product. | 
What fastener do you recommend? | 
| 

| 

| 

| 

| 








Elastic Stop Nuts with the famous red collar 





















are another ESNA® product Nam — _—_—Tile__ 
Firm 
Street 
City. OT —— er 
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SUCCESSFUL PERFORMANCE where other materials fail is 
the record of Arrowhead’s many new ArcoSil silicone 
rubber products. 

New silicone compounds and new fabrication tech- 
niques developed at Arrowhead now make possible the 
design Of parts which retain flexibility and give long 
service at extreme temperatures ranging from —125° F. 
to as high as 700° F. Silicone rubber parts with greater 
resistance to abrasion and permanent compression set, 
with ideal dielectric properties and excellent resistance 
to many oils and chemicals, are constantly being pro- 
duced to meet unusually severe conditions. 

For a solution to difficult design problems investigate 
the new abilities of ArcoSil Silicone Rubber parts. 
Arrowhead sales engineers are available in all industrial 
areas to provide information and engineering assistance. 

Write for new bulletins and name of nearest Arrow- 
head representative. Dept. C-70. 


Foremdst Fabricators of MOLDED PARTS of complex 
shapes and/or bonded to metal; EXTRUDED 
: SHAPES of all kinds; SPONGE RUBBER ex- 
trusions and sheets; DIE CUT gaskets; RUB- 

BER IMPREGNATED fiberglass. 





DOWNEY, a (tes Angeles aaien 
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recotors aden sabeugpamatans db eiaenthegher doting 





Noteworthy Patents 

















between retaining flanges on the drum. Transverse 
channels in the periphery of the drum are vacuumized 
from an outside source through a ported collector 


‘gland only while submerged or covered by the springs. 


Fluid suspended particles unable to pass between the 
flexed coils are arrested cumulatively on the springs 
and are “de-watered” after emerging from the reser- 
voir. Passing over a second drum, smaller than the 
intake drum, greater flexure of the coils loosens the 
sludge which then drops from the springs. A con- 
tinuous spray washes the springs before they pass 
over guide rolls which assure proper spring spacing 
on the intake drum. Patent 2,583,698 assigned to 
Komline-Sanderson Engineering Corp. by Thomas R. 
Komline. 


CownrtactLess MEASUREMENT of liquid flow 
rates in either direction is achieved in a magnetic 
flowmeter totally devoid of moving parts. Line fluid 
to be measured is conducted through the meter in an 
annular channel surrounding a soft iron core mem- 
ber. Outer wall of this channel, which is nonmag- 
netic, is encircled by a wound primary coil mounted 
axially between two secondary or pickup coils series 
connected with a galvanometer. When the primary 
coil is energized with high-frequency current and the 
fluid is static, the pickup coil circuit is balanced to 
produce a zero meter indication. Flow in either direc 
tion through the channel produces asymmetrical volt- 
ages in the pickup coils proportional to the rate of 
flow. Pickup voltage difference registered on the 
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®Some of the most important relay developments 
of the past decade have been the result of CLARE 
cooperation with engineering staffs of acknowledged 
leaders in the electrical and electronic industries. 


Development of the CLARE Type CP Power Relay, 
for instance, came about from a consultation with 
a large electrical manufacturer who uses power 
relays extensively in the manufacture of various 
electronic control units. This CLARE customer 
objected to the use of ordinary power relays in 
plate circuit applications because one watt or more 
was required to operate them. Also, this necessi- 
tated the use of a high-current thyratron tube, or 
the interposition of another, more sensitive relay. 
He wanted a power relay sensitive enough to oper- 
ate in the plate circuit of any triode, including 
miniatures. 


Years of satisfactory service from CLARE tele- 





CLARE Type "CP” POWER RELAY 


Bring your relay problems to CLARE 





Side View 


phone-type relays had convinced the customer’s 
engineers that the best way to achieve this would 
be to adapt these sensitive, dependable, durable 
relays to suit the special requirements of their use 
as power relays. Valuable contributions to the de- 
sign of the CLARE Type CP Power Relay were 
made by the customer’s engineers. 


The result of this cooperation between these engi-. 
neers and the CLARE engineering staff is a relay 
which simplified control equipment, saves money and 
space, and will outwear several ordinary power relays. 


CLARE engineers, both in the field and in the 
plant, are anxious and willing to cooperate with you 
and your engineers to solve perplexing relay prob- 
lems. Call the nearest CLARE office or write: C. P. 
Clare & Co., 4719 West Sunnyside Avenue, Chicago 
30, Illinois. In Canada: Canadian Line Materials 


Ltd., Toronto 13. Cable Address: CLARELAY. 


CLARE RELAYS 


First in the Industrial Field 
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EXPANSION 


| THE CARPENTER STEEL CO., 120 W. Bern St., Reading, Pa. 


An alloy with 


practically no thermal expansion 


up to 400°F 


Note in the graph how the low thermal 
expansion rate of Carpenter Invar “36” 
compares with other metals. The free- 
machining alloy, Carpenter Free-Cut Invar 
"36", has the same low expansion char- 
acteristics and simplifies production of 
machined parts. 


Where the operation of precision instruments 
or machines is affected by temperature vari- 
ations, the low expansion of this alloy helps 
to insure constant accuracy. Another 
important use is in automatic on-and-off con- 
trols, such as thermostats. These controls are 
operated by the difference between invar’s 
low expansion rate and that of a high 
expansion metal. 
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TEMPERATURE - Degrees Fahrenheit 


For detailed engineering data on the 
Carpenter Invar “36” alloys, write for a 
copy of the Carpenter Low Expansion Alloy 
book. It contains 23 pages of data on expan- 
sion and mechanical properties, 
physical constants, etc. 


120 W. Bern Street, Reading, Pa. 
Export Dept.: The Carpenter Steel Company 
Port Washington, N. Y.—‘*CARSTEELCO"’ 


Please send a copy of your Low Expansion Alloy Book. 


NAME 


COMPANY - 


TITLE 


THE CARPENTER STEEL COMPANY 


_ sembly through rolling friction engagement of com 
| toured ends with the spring adapter. 





(Please Print) 














Noteworthy Patents 











galvanometer, therefore, constitutes an indication 9 
flow rate and direction according to cross-sectiona! 
area of the channel. To shield the magnetic circuj 
from the influence of extraneous magnetic fields, an 
outer housing of high magnetic permeability is pro- 
vided. Patent 2,583,724 assigned to Socony-Vacuum 
Oil Co. Inc. by Robert A. Broding. 







SELF-TIGHTENING of a ball bearing on its shaft 
through the inner race’s natural tendency to creep is 
provided by an eccentrically bored setscrew collar at- 
tached to the race. Held laterally to the collar bya 
rectangular-section snap ring, the bearing race has 
an extending external eccentric surface, correspond- 
ing to that inside the collar, designed to resist separa- 















































tion under load. This construction permits the con 
venience of a sliding fit in initial assemblies. In addi- 
tion, it provides quick locking with anticreep assur 
ance and ready unlocking for servicing on future 0c 
casions without distortion or damage to the bearing 
race. Patent 2,584,740 assigned to the Fafnir Beal- 
ing Co. by Harry R. Reynolds. 


K.nire-EpGep LINKAGE increases the speed 


| sensitivity of a spring-balanced centrifugal governo 


by eliminating undesirable friction in the balance 
mechanism. In addition to their normal function, the 
balance weights center the free end of the spring as 










A sleeve ex 
tension of the adapter is piloted in the spring adjust 
ing nut to stabilize the assembly. Tendency of the 
adapter to rotate as the spring alternately compresses 
and extends is cancelled by a ball thrust bearing 
under the spring. A self-aligning ball bearing a° 
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Investigate die-formed 


‘COMPO’ and POWDI RON parts! . 


Parts die-formed by powder metallurgy methods from “COMPO” porous bronze 
and “POWDIRON" sintered iron are ready for installation when they reach you. 
They're accurately die-formed at Bound Brook to the final dimensions you want. 

There’s no need for machining operations at your plant! 

When you specify “COMPO” and “POWDIRON” parts in your product designs, you 
free critical tools and skilled manpower for other tasks. And you can speed up 
production, because “COMPO” and “POWDIRON” are in freer supply 
than some other materials. 


Write on company letterhead for informa- 


tion on “COMPO” and “POWDIRON”. 
fo al BOU up BROOK 
“POWDIRON’ 


Beller Buy Bound Brook 


“BOUND BROOK" 


BOUND BROOK,N.J. © BOUND BROOK 9-0441 
Manvfacturers of bearings and parts — Established 1883 
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Designers of machines of many types are turn- 
ing away from complicated systems, of remote 
drives operating through belts and clutches. 
Wesche Special Torque Motors furnish simple, 
less costly, more efficient and fool-proof 
powering directly to the spot where the power 
is needed. 

Tremendous power in a small frame with any 
mounting position and special features in 
limitless combinations permit the use of 
Wesche Custom-Bilt Torque Motors to increase 
the efficiency, economy, safety, and appear- 
ance of many machines. 


Werke for our new catalog and dete sheer 


THE B. A. WESCHE ELECTRIC CO. 
1620 Vine Street ° _ Cincinnati 10, Ohio 


as CA Te oe 















Noteworthy Patents 


















































sembly which couples the takeoff control rod to the 
adapter prevents binding action at this point. Patent 
2,580,556 assigned to Allis-Chalmers Mfg. Co. by Ed- 
ward M. Kuemmerlein. 


VwraTION-RESISTANT KEYING is. obtained 
with an unusual square key which employs raised 
chisel edges at the center bottom and one top end. 
The spring-steel key is placed under load by a hub 
setscrew as commonly used. The chisel edges bite 
into the mating parts to resist movement and the 
spring effect counteracts loosening from wear. Patent 
2,588,064 assigned to the Iron Fireman Mfg. Co. by 
Ernest C. Webb. 
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FORGED STEEL 


Have you checked the Pipe Plugs you are using lately? 
Like so many common but important parts to your 
product, Pipe Plugs are apt to be taken for granted 
with a resultant loss in production time and efficiency. 






































Lamson Pipe Plugs are FORGED for maximum strength 
and positive sealing. Heads will not chip or break 
under severe wrenching. This means savings for you on 
the production line. The ROLLED “DRYSEAL” THREADS 
of Lamson Pipe Plugs guarantee maximum toughness 
and correct tolerances are assured by Lamson’s famous 
“Quality Control” system. 







Lamson Pipe Plugs are 


available in the fol- Yet, despite the extra protection and value Lamson 
lowing sizes: Ye”, 4”, Pipe Plugs offer, they cost no more than other types. 
%", V2" and %”. You get true premium quality at a low “regular” price. 





So next time specify Lamson Pipe Plugs—in steel, 
brass, bronze or aluminum —and give your product 
the extra advantage it deserves. 


The LAMSON & SESSIONS Co. 


1971 West 85th St. * Cleveland 2, Ohio 
reer te enrtn omni nen Chie ° Birmingham ° Chicago 






Check the pr perme that noone you; tear off om of ad 
and send to us for complete information. 















PLUG NUTS | PIPE PLUGS | “1035” | PLACE BOLTS 
Atapped insert for fast, Forged steel, SET SCREWS With “Built-in” 
positive and efficient | heat-treated. Cup point type, spring action 
assembly. Reduces hardened and | for positive 
fastening costs. | | heat-treated. l locking. 

— — ee ——_— a oe —_—_—""——_— —— ae eee oO ———————— i | 
LOCK NUTS | PRODUCTS | LOCK SCREWS =| — For strong, al- 
Economical, For positive Plastic insert ways level 
vibration proof. | locking and | locks threads. | welming. 

Can be used sealing. Can be reused. 
repeatedly. | | 
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Heavy Presses Step Up Aircraft Output 


Construction of 17 heavy press- 
es—eight extrusion and nine forg- 
ing—ranging from 8,000 to 50,000 
tons capacity has begun over the 
past year at various points in the 
United States. The newest of these 
is the press at Bohn Aluminum 
and Brass Co., Adrian, Mich., 
which has just started production. 
Two others, at the Aluminum Com- 
pany of America plant in Cleve- 
land and the Wyman-Gordon plant 
in North Grafton, Mass., are al- 
ready in production. 

Within the next few years, ac- 
cording to the Air Force, these 
giant presses will be turning out 


large aircraft and engine parts in 
a fraction of the time required by 
present production methods. By 
stamping out whole sections, in- 
stead of the present “bits and 
pieces” assembly method used ‘for 
wing sections, ribs and frames, the 
forging presses will make possible 
unique new designs, involving sav- 
ings both in time and money. 

Of the three presses now in pro- 
duction, the Wyman-Gordon press 
is the only one of American con- 
struction—the other two having 
been brought from Germany. The 
Wyman-Gordon press is of 18,000 
tons capacity, and the two German 


presses are each of 16,500 tons ca- 
pacity. 

Presently, the major problem in 
full utilization of the new presses 
is the time necessary to complete 
a set of airplane dies. Existing die- 
block capacity in the United States 
is estimated at from 40,000 to 50,- 
000 tons annually, mostly capable 
of producing only smaller size 
blocks. When the heavy press pro- 
gram is operating at an efficient 
level, the Air Force estimates that 
annual die-block requirements for 
this purpose alone may well run 
from 50,000 to 75,000 tons, and 
these blocks may average over 20 
tons each. 


One of the important assets of 
the heavy press is that it is readily 
adaptable to the handling of new 
shapes. While the basic structure 
of an airplane usually does not 
change through as many as a doz- 
en model changes, in the case of 
an entirely new design new die- 
blocks could be used on the same 
press, and the same _ handling 
equipment would be utilized. Both 
the forging and extrusion presses 
will have some advantages in 
working magnesium and the newer 
high-strength aluminum alloys. 


Forging presses still to be sched- 
uled range up to 50,000 tons ca- 
pacity, and extrusion presses have 
been contracted for up to 20,00 
tons capacity. 


—, 





Giant 107-ton casting will be che 

cylinder housing for one of he 

largest extrusion presses in ‘he 

United States, to be installed at Al- 
coa’s Lafayette works 


— 
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An experimental passenger con- 
yeyor belt that ultimately may be 
part of a subway system for car- 
rying passengers is currently being 
tested by Goodyear Tire & Rubber 
Co. Proposed by Goodyear and 
Stephens-Adamson Mfg. Co. as a 
substitute for the present Grand 
Central-Times Square shuttle train 
in New York, the new system 
would use moving loading and un- 
lading platforms and small, close- 
ly spaced passenger cars riding on 
an endless track of rubber con- 
yveyor belts and rubber-tired banks 
of accelerator wheels. 

An experimental loading plat- 
form has been tested by Goodyear 
and has passed all its tests satis- 
factorily after a year of continu- 
ous experimentation. This passen- 
ger conveyor belt is 68 feet long, 
increased to 85 feet by entrance 
and exit ways. The belt itself is 
24 inches wide and is driven by a 
3-horsepower electric motor geared 
to provide speeds from less than 
one mph to 5 mph. 

Experiments with the passenger 
conveyor included tests with wo- 
men wearing all types of shoes 
from French-heeled pumps to san- 
dals. In some instances the “hu- 
man guinea pigs’ were given pack- 


























Passenger Conveyor Tested for Subway 





ages to carry, hampering both 
arms. Tests were run using small 
children, with and without adult 
guidance, either walking on the 
moving belt by themselves or being 
carried on in the arms of an adult. 
From the tests, a speed of 1%4 
mph was determined as the safest 
operating speed for a single belt 
in a system on which persons are 
required to enter by walking. 
The experimental passenger belt 
test installation simulates the re- 
quirements of the actual system 
proposed for the New York shut- 
tle, even to a moving handrail 
synchronized with the speed of the 
belt. In the proposed shuttle sys- 
tem, the passenger conveyors 
would act as loading platforms for 
loading and unloading passengers 
into the moving passenger cars. 
These platforms would be moving 
belts 6 feet wide. This same system 
has also been proposed as a mov- 
ing sidewalk. Alongside the load- 
ing belt, and moving at the same 
speed, would be a _ continuous 
stream of small passenger cars 
with seats. Twenty-five cars, each 
seating ten persons, would pass 
the loading platform every minute. 
After leaving the loading platform, 
the cars would be speeded up to 








Experimental 
tested by Goodyear for over a year 


passenger conveyor 





15 mph over banks of accelerated 
wheels and then would be carried 
by the main conveyor belt. At the 
other end the cars would be slowed 
by a similar system before moving 
onto a belt moving at unloading 
platform speed. Empty cars would 
be turned around by a large wheel 
and would then be moved along- 
side the loading platform going in 
the opposite direction. 
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Proposed loading and unloading platforms for the 


Times Square subway conveyor belt 


Grand Central- 























Engineering News 





400 Firms to Exhibit 
At National Metal Congress 


Over 400 nationally known firms 
concerned with metal working in 
its many phases will display and 
demonstrate their products over 
nearly 5 acres of floor space at 
the National Metal Exposition, 
October 20 to 24. Sponsored by the 
American Society for Metals, the 
34th Metal Show will cofeature 
exhibits at the Convention Halls, 
in Philadelphia, Pa., and technical 
meetings which will take place 
from October 18 to 24. 

Bringing together the experi- 
ence, knowledge and means for a 
more effective use of metals, the 
Metal Show will feature the theme 
“Metal Keeps The Peace.” Em- 
phasis will be on the use of metals 
in making products that will insure 
our defense against aggression, 
and in the manufacture of products 
for civilian use. 

In addition to the. technical ses- 
sions devoted to metallurgy in its 
many phases, the practical produc- 
tion of metal products will be cov- 
ered in the technical sessions. Thus, 
the American Welding Society, in 
addition to papers on welding proc- 
esses plans several papers on the 
welding of the newer alloys such 
as titanium and magnesium. Sim- 
ilarly, a symposium on titanium 
and titanium alloys is planned by 
the American Institute of Mining 
and Metallurgical Engineers. 


First air photo of the F4D Skyray, the Navy’s newest jet interceptor 





Honey Bee and Skyray—Two New Aircraft Designs 


Sharp differentiation in aircraft 
design is shown between the Doug- 
las F4D Skyray interceptor and 
the Honey Bee developed by Bee- 
craft Associates Inc. The first air 
photo of the Navy’s jet intercep- 
tor, which is designed for operation 
from a carrier, shows clearly the 
thin planform or “delta” type 
wing. Designed to climb rapidly to 
high altitudes, the Skyray is built 
around a huge, late-model jet en- 
gine. It was named from its re- 
semblance to the ocean-dwelling 
manta ray, and is now undergoing 
flight testing for the Navy. 

The Hofiey Bee, which is called 
the “world’s sweetest plane” by its 
designers, is a single-place airplane 
that weighs only 550 pounds and 


has a wing span of 28 feet. Cap- 
able of a 120-mph top speed and 
a cruising speed of 110 mph, the 
plane has an all-metal stressed 
skin and spring-steel tricycle land- 
ing gear. The high-wing monoplane 
is equipped with a 65-hp engine. 
Hydraulic brakes are installed in 
the main gear, and the nose wheel 
ca be steered from the rudder 
pedals. 

Beecraft associates are also de- 
signers of the Wee Bee, called the 
“world’s smallest plane’. The Wee 
Bee, which made demonstration 
flights about two years ago, is 
piloted from a prone position. It 
is big enough to lift a man, yet 
is small enough to be lifted by 
one. 





The Wee Bee and Honey Bee, two recently developed single-place small planes 
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you wouldn’t buy refrigerator parts 
and assemble them yourself... 


why buy hydraul 
piecemeal, 


custom 


ICKERS built 


You could buy a motor, compressor, coils, valves, tubing e : 
and cabinet separately and put them together to make Y OWLOL 


a refrigerator of a sort. But you wouldn't want the 
trouble and expense, and you wouldn't want to take 
the responsibility for successful operation. You would 
rather buy a complete refrigerator . . . get the 
manufacturer's know-how and have him take undivided 
responsibility. 

Then, why buy hydraulics piecemeal when a Vickers 
Custom Built Hydraulic Power Unit offers so many more 
advantages? It is built to meet your individual re- 
quirements. All necessary pumps, valves, intermediate 
piping, oil reservoir, motors, controls, etc. are in one 
self-contained “package”. It includes all needed ac- 
cessories such as oil filters, air cleaners, oil level 
gauges, fittings, etc. Hydraulic connections are grouped 


in a conveniently located manifold. 
Simplified hydraulic design, improved appearance, V/ 
and substantial savings in installation ICKE R$ Incorpora ted 
DIVISION OF THE SPERRY CORPORATION 


and maintenance costs are the result. A cH 
most important advantage to both ma- ans OAKMAN a a PP oy age now Bre F 
chine builder and his customer is Vickers es Ee ae eee a 


undivided responsibility for the entire LOS ANGELES (Metropolitan) * NEW YORK (Metropolitan) + PHILA- 
: . : AeP RGH + ROCHESTER + ROCKFORD « ST. LOUIS 
hydraulic system. For further information meee ye Popa — Beh ey AR. 


ask for Catalog 5000. 





ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921° 
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| New Man-Made Fiber 
Blown from Bubbles 


A new manmade fiber, which 
resists temperatures that melt cast 
iron yet is so fine that it can be 
used as a superfilter, has been 
manufactured from aluminum ox-.§ 
ide and sand by the Carborundum#® 
Co. Generally expected to find a 
quick use in insulation and fire. 
proofing, the new material will not 
only resist fire and prevent heat 
loss, but will also deaden sound 
and provide a filtering medium. 


Your commercial requirements for lightweight 
castings in aluminum or magnesium may be 
tough, but we'd welcome an opportunity to 
look them over. We've tackled a good many 
diversified casting problems over almost a 


Research engineers came upon 
the material during their early 


are extensively used as insulation 
in high-temperature commercial # 


applications. The bubbles are made 
by blasting molten alumina with 
air. During this operation, it was 
noted that occasionally fibers were 
formed. By working with alumina 
and silica, developing modifying 
agents, and by extensive experi- 
mentation with temperatures and 
air-blast pressures, researchers 
were able to carry the blowing 
process beyond the bubble stage, 
and in effect blew each bubble into 
a fine fiber. 

Aluminum oxide and sand are 
melted in an electric furnace, and 
a a molten stream of the lava-like 
+ SOs material is subjected to a con- 


WILT ARY LIGH TWE | GHT CASTINGS trolled blast of air. The material is 


half century. 
Our four completely equipped plants and 
their trained personnel are at your disposal. 


thus blown into a fluffy mass of 





When solid aluminum silicate, right, 
is melted and subjected to a blast 
of air, a fluffy mass of cotton-like 
“Fiberfrax” fiber, left, is produced 


Aircraft wheels, strut parts, engine parts and 
miscellaneous components are being made 
every day at our plants, in aluminum and mag- 
nesium. X-Ray inspection, close attention to de- 
tail, complete facilities for production in sand, 
semi-permanent and permanent mold form. 


Well-Made Wood and Metal Patterns. 
Well-Cast Ampco Bronze Castings. 
*Copyrighted Trade Name. 


If you would like to receive the Wellman Magazine 
each month without charge, drop us a note on your 
business letterhead. 


THE WELLMAN BRONZE & ALUMINUM CO. 


DEPT. 10,12800 SHAKER BLVD., CLEVELAND 20, OHIO | 
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discharges 1050 gallons 


of water a minute 


from 100 feet down! 





= pump handle = 





This 8-inch Deep Well Turbine 
Pump is furnishing water for 
irrigation purposes near Hastings, 
Nebraska. It is powered by a 
Model 8-A Chrysler Industrial 
Engine with right angle gear drive. 

This is Chrysler high speed and 
Chrysler high compression doing 
a specialized job. Other farming, 
construction, industrial and 
specialized applications are no 
exception to this kind of regular 
performance. Here are a few of 
the advantages you get in Chrys- 
ler Industrial Engines: super- 
finished wear surfaces, sodium 
cooled exhaust valves, updraft 
or downdraft carburetion—and 


Photo—Courtesy Western Land Roller Co., Hastings, Nebraska 





there are many more tailored to 
the exact needs of your job. 

Chrysler Industrial power is 
not expensive. Production-line 
methods adapted to specialized 
industrial engine building, pro- 
vide a custom-built engine at 
mass production prices. 

See a Chrysler Industrial 
Engine Dealer. Tell him your 
power needs. He can supply you 
with one of 9 Chrysler Industrial 
Engines for your purposes. 

If your problem is special, write 
us direct: Marine and Industrial 
Engine Division, Chrysler Corpora- 
tion, 12200 E. Jefferson Ave., Detroit 
31, Michigan. 


GHRVSLER 


Industrial Engines 


= 
HORSEPOWER ™— 


J WITH A PEDIGREE 















UNITED 


CLUTCH HEAD 
SCREWS 





Clutch Head screws com- 
bine a large entrance recess 
for speed in driver engage- 
ment with the strong straight 
sided driving teeth that 
eliminate reaming action by 
the driver. Write for engi- 
neering booklet. 


TYPE “A” BIT NOT THIS 
®Reg. U.S. Pat, Of. 


UNITED SCREW and BOLT CORP. 


CHICAGO 8, ILL. « CLEVELAND 2, OHIO 


NEW YORK 7, N.Y 
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random arrangements of extremely 
fine fibers, ranging from 1 to 3 
inches in length and with a thick- 
ness of about 1/25 that of a human 
hair. 

Melting of the alumina and sil- 
ica is done at 3300 F. “Fiberfrax,” 
as the new material is known, eas- 
ily withstands 2300 F without loss 
of properties and does not soften 
at temperatures approaching 3000 
F. Since its raw materials are rel- 
atively inert, the resulting fibrous 
mass is corrosion-resistant. The 
random arrangement of fibers pro- 
duces efficient filtering and also 
accounts for the pronounced cap- 
illary characteristics of the Fiber- 
frax fiber. 

Basically the product is a vitre- 
ous ceramic, rather than crystal- 
line. Relatively rapid cooling from 
the melt provides the fibers with a 
smooth vitreous surface and long 
length, and may account for their 
resiliency. Chemical data are still 
being evaluated, but preliminary 
tests indicate that the material’s 
inert components and very low al- 
kali content make it highly resis- 
tant to acid attack. Although work 
up to now has concentrated on the 
high-temperature possibilities of 
the material, “cold” applications 
exist in which the fiber can com- 
pete with asbestos to provide 
strong, lightweight materials for 
thermal and electrical service. 


Pulse-Jet Engine Has 
200-hour Operating Life 


A pulse-jet engine, of the type 
used in the so-called “flying stove- 
pipe” of World War II but with 
an operating life of 200 hours in- 
stead of 40 minutes, has been de- 
veloped. The new engine an- 
nounced by the Naval Research 
Laboratory is expected to find mil- 
itary use primarily in subsonic, ex- 
pendable flying craft, such as guid- 
ed missiles. Because the operating 
life of 200 hours compares favor- 
ably with the normal flight time 
before overhaul of conventional re- 
ciprocating aircraft engines, and 
because the engine is light, simple 
and easy to construct, it is also 
expected to be used as an engine 
for helicopter rotors. 

The engine is a relatively new 








type, without pistons, flywheels, or 
a well-defined combustion space, 
The theory of its operation has 
not been fully determined, and it 
is not practical, therefore, to pre- 
dict all of its potential uses or ul- 
timate capabilities. 

Generally, the engine consists 
merely of a cylindrical sheet-metal 
combustion chamber and tailpipe 
connected by conical sections. At 
the forward end a series of vanes 
or valves control admission of air 
to the combustion chamber. In 
operation, the air is mixed with 
fuel which is ignited in the cham- 
ber. A rapid increase of pressure 
results, closing the valves and fore- 
ing the hot gases out through the 

































































tailpipe to produce a high-velocity In 
jet. During this expansion process, § Dr. 
pressure in the combustion cham- § yniy 
ber drops below outside pressure § poin 
and the valves are reopened, ad- § gent 
mitting a fresh charge. Once be §f field 
gun, this operation is self-sustain- § phas 
ing, a spark being required only § new, 
for the initial explosion. supe 
This type of engine produces 4 § guid 
static thrust several times as great § has . 
as its own weight, and is not crit- § of s; 
ical as to fuel quality. It requires § the ; 
no lubrication or cooling system. § high 
The final design evolved for the § craft 
vane or valve system operates at § tigat 
a frequency of about 165 cps. I0 § orat; 
test a 6-inch diameter engine has § prob 
operated for 200 hours on 3§ tech: 
whirling-arm test stand. During § born 
the test the engine ran at approx: § craft 
imately 150 mph and was sub § tive 
jected to an average centrifugal § the 
force of approximately 114g. The § of t 






valve operated for nearly 120 mil- 
lion cycles. 

Two design features are credit: 
ed with accounting for the long 
life. First, a thermoplastic rubber 
like adhesive is applied to the 
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striking edges of the vane. Second, 
the vane bars are rigidly secured 
in the side-plate slot to eliminate 
variations set up by the tremen- 
dous centrifugal force. Wherever 
possible, parts were designed light 
and flexible to deflect under the 
explosion force from the combus- 
tion chamber, and thus absorb en- 
ergy. This design procedure has 
made possible the use of “ordinary” 
construction matcrials instead of 
the more expensive and szarcer al- 
loys normally required for parts 
subjected to high impact and fa- 
tigue stresses. 











New Laboratory to Study 
High- Velocity Structures 





Research and study on struc- 
tural problems in high-velocity air- 
craft such as rockets and super- 
sonic aircraft will be centralized 
at Columbia University’s new En- 
gineering Center. The projected 
Aeronautical Structures Labora- 
tory will conduct research, train 
graduates in a new field, and pro- 
vide a clearing house for research 
information on aeronautical struc- 
tures. 


In announcing the laboratory, 
Dr. John R. Dunning, dean of the 
wiversity’s engineering school, 
pointed out that there is an ur- 
gent demand for specialists in such 
fields. In view of the growing em- 
phasis by the aircraft industry on 
new, faster methods of propulsion, 
supersonic flight stability, and 
guidance control systems, the need 
has also arisen for the basic study 
of structures which can withstand 
the greatly accelerated speeds and 
high stresses that supersonic air- 
craft develop. In addition to inves- 
tigating this problem, the new lab- 
oratory will also study structural 
Problems stemming from such 
techniques as refueling while air- 
borne, the use of “parasite” air- 
craft, and the carrying of radioac- 
tive material or equipment. One of 
the most important contributions 
of the laboratory project is ex- 
pected to be a sharp reduction in 
the time lag between the deve!op- 
ment of new aircraft construction 
techniques and their application 
by designers. 
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CHACE cuts current 


3,400,000 times 


















Product of° 
International 
Electric Co. 
Chicago, Illinois 



























The International Electric Fencer Model No. 106 
keeps livestock under control by supplying an 
intermittent electrical charge to the fence line. This 
is especially advantageous to farmers in protecting 
crops and maintaining barn control. The device 
known as the “chopper” contains the bimetal actuating element and 
is rated at 3.4 million interruptions or 2000 hours of continuous 
operation. The reliability of the Fencer is largely dependent upon 
the actuating element of Chace Thermostatic Bimetal. 
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The chopper assembly consists of a straight bimetal element 
with contact in parallel with a resistance wire heater wound around , 
the bimetal. Normally, the contacts are open so that initial current 
flows through the heater to cause the bimetal temperature to increase 
and move to close the contacts. This closing action shorts out the 
heater and decreases the temperature in the bimetal which then 
returns to its original open position. The current again passes through 
the heater to start the next operation cycle. A green light flashes 
during normal operation; and a red light flashes whenever the fence 
is grounded or the controller is shorted. 

If the actuating element for your new control device is thermo- 
static bimetal, Chace is equipped to fabricate it ready for assembly. 
Our 29 types of bimetal are available in strips, coils, random long 
lengths and welded or brazed sub-assemblies. We invite you to 
consult with our Application Engineers, recognized authorities on 
temperature responsive devices — or write for our new 32-page book- 
let, “Successful Applications of Chace Themostatic Bimetal,” contain- 
ing condensed engineering data. 




















W. M. CHACE CO. 





Thermostatic Bimelal 


1616 BEARD AVE., DETROIT 9, MICH. 












The oldest, largest manufacturer of “Commercial” ball bearings 
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You wouldn't 
finish grind 


a cotter pin 


_ Why pay for unneeded precision 
in ball bearings? 


In many applications where speeds and loads are 
moderate, you don’t need a precision bearing. When 
this is the case, Schatz “Commercial” Ball Bearings 
can cut your costs by as much as 85%—without any 
sacrifice in operating efficiency! 

Why are savings like this possible? Because 
“Commercial” Ball Bearings are designed to wider 
tolerances than precision bearings...because they are 
available unground, partially-ground, or fully- 
ground. And, because, in almost all cases, cages are 
not used. 

If you have an application where speeds and loads 
are moderate, it will pay you to look into Schatz 
“Commercial” Ball Bearings. To learn how you may 
save, write for literature described below. 


THE SCHATZ MANUFACTURING COMPANY 
6760 Fairview Avenue, Poughkeepsie, New York 


Technical literature available: 

Schatz Catalog 11 contains drawings and specifications of Schatz Ball Bearings. 
Technical Bulletin tells how to determine proper type and size “Commercial” Ball 
Bearing for various speeds and loads. 

Nylon Bearing Parts discusses advantages of nylon parts in “Commercial” bearings. 
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Schatz Commercial’ Bearings 
used on these products 
Dishwashers * Outboard motors 
Automobile steering mechanisms 
Elevators * Box machinery 
Office equipment 
Flexible shafts + Lawn mowers 
__ Masonry cutting equipment 


noe Textile machinery « Farm equipment 


Laundry equipment . 


SCHATZ 


(Siititanarle 
BALL BEARINGS 
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He listens by looking... 


And why not? It takes the guesswork out of test work. 


QUIET BALL BEARINGS are longer running, 
smoother running, and stand up better under 
heavy loads. 

That’s why Federal inspectors rely on their eyes 
rather than their ears when testing the sound of a 
bearing. They use an Anderometer, a highly sensi- 
tive machine which picks up a bearing’s slightest | & 
whisper and translates it into electrical impulses. ad I 
By glancing at the dial indications, the inspector e era 
can easily tell if the bearing measures up to Ball Bearings 
Federal standards. 

This “listening by looking” is but one of the 
many tests that guarantee top-notch performance 
from every Federal Ball Bearing. One of America’s Leading 
The Federal Bearings Co., Inc., Poughkeepsie, N. Y. Ball Bearing Manufacturers 
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Oil SEALS 


THREE separate and distinct 
laboratories to solve 
your sealing problems 


Good packings design requires 
exact answers to specific hydraulic, 
pneumatic, or fluid retention 
problems with rubber or leather. 


Supplying these facts is the 

important function of Trostel research— 
supplying them out of experience 
wherever possible; developing 

new compounds and impregnations where 
existing materials are found wanting. 

The end result is a thoroughly tested 
design based on known operating 

data; one that can be produced 
economically, in quantity, 

under rigid laboratory control. 

We invite you to join the many 
well-engineered companies who 

have found these services 

both indispensable and profitable. 


Illustrated bulletin on request. 
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> IMPREGNATIONS LABORATORY 


ALBERT TROSTEL PACKINGS, LTD., Lake Geneva, Wisconsin 


Formerly Division of Albert Trostel & Sons Co., Milwaukee, Wis. 


NEW YORK @ LOS ANGELES @ SAN FRANCISCO 
WORCESTER, MASS. 


BRANCH OFFICES SEATTLE @ HOUSTON e 
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| Adapts Oil Filter 
| For Water Service 


All models of Synclinal filters 
will be adapted for filtering water, 
announces Marvel Engineering Co. 
Presently producing filters for hy- 
draulic and other low-pressure oil 
recirculating systems, the company 
is making the additional line avail- 
able as a result of requests for 
adaptation of the Synclinal filter- 
ing principle to water filtration. 

No changes have been made in 
the basic design. Line types still 
operate in any position and may 
be serviced without disturbing pipe 
connections. Both sump and line 
types may be disassembled, cleaned 
and reassembled while installed. 
Sump type filters are available in 
capacities from 5 to 100 gpm and 
line types from 5 to 50 gpm. Monel 
mesh sizes range from 30 (coarse) 
to 200 (fine). Complete engineer- 
ing data on the new filters are 
available from the company at 627 
W. Jackson Blvd., Chicago 8, Il. 


Traveling Exhibits Show 
Correct Use of Cylinders 


A new fleet of mobile units is 
now on the road showing the prop- 
er use and testing of air and hy- 
draulic cylinders. Following the 
success of Miller Motor Co.’s orig- 
inal “College of Cylinder Knowl- 
edge,” the bus exhibits are de- 


signed primarily to instruct per- 
sonnel in plants to be visited, and 
consist of many cylinder situations 
in actual operation. One special 
exhibit presents a striking example 
of the modern development of dual 
pressure boosters, while another 
shows how air and oil can be used 
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just because that bathing suit is proper at the beach, she 


shouldn’t assume it’s proper for the classroom, too! 


And just because one bearing is best lubricated by one partic- 
ular grade of oil, you shouldn’t assume that the same oil is best 
for a// bearings on that machine. In many cases it isn’t. 


OIL CUPS permit you to lubricate each bearing with the oil 
best suited to that bearing—thus prolonging bearing life, reduc- 
ing maintenance costs, cutting down-time, boosting production. 
And oil cups fortunately cost very little. 


Gits oil cups have been the standard for industry for more 
than 40 years. Gits Bros. has the largest selection of oil cups 
available anywhere. Call on Gits Bros. for a prompt, efficient 
solution to your lubrication problems. 


Write for free Catalog No. 60-A 


GITSs J5Ros.MFsc. Co. 


1868 S. Kilbourn Ave. Chicago 23, Illinois 
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together in one cylinder unit to 
give smooth hydraulic power from 
ordinary plant air input. Like the 
original “College’—a converted, 
luxurious house trailer, which is 
still in service—the new units will 
be demonstrated at _ industrial 
plants by appointment. 


. 
Battelle Memorial Institute, Col- 
umbus, O., recently broke ground 
for a new million-dollar laboratory 
building. Approximately 300 indus- 
trial firms, as well as the Air 
Force, Army, Navy and Atomic 
Energy Commission, are sponsor- 
ing research studies at Battelle. 


ASME Presents Program 
At Centennial of Engineering 


A program of 37 sessions, dur- 
ing which 97 papers were present- 
ed, was the feature of the fall 
meeting of the American Society 
of Mechanical Engineers in Chi- 
cago. Celebrating the Centennial 
of Engineering, the ASME Meet- 
ing featured today’s technical out- 
look and present-day developments 
in many fields. 

At the International Presidents 
Luncheon, R. J. S. Pigott, presi- 
dent of ASME, keynoted the four- 
day session with an _ address, 
“What Is Not Yet, May Be!” The 
Calvin W. Rice Lecture was deliv- 
ered by Colonel Lyndall F. Urwick 
of London, whose subject was 
“Management’s Debt to the En- 
gineer.” The lecture honors Mr. 
Rice, who served as secretary of 
ASME until his death in 1934. 
U. S. Senator Ralph E. Flanders 
of Vermont spoke on the relation- 
ship of engineering and govern- 
ment in delivering the Roy V. 
Wright Lecture on “Engineering 
and Politics.” 

The Machine Design division 
participated in three technical ses- 
sions, including joint sessions with 
the Safety and Lubrication di- 
visions. Subjects of the seven 
papers presented at these sessions 
included elements of machine 
guarding, critical whirling sys 
tems of shafts, and slider-bearing 
lubrication. 

In addition to the technical 
papers and addresses, ASME mem 
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You can save MONEY 
and MATERIALS with 
ROLLED BUSHINGS 





FEDERAL 


SINCE 1899 
Mogul 


FEDERAL-MOGUL CORPORATION 11045 SHOEMAKER, DETROIT 13, MICH. 
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How to Make Stainless Protection 
Go NINE TIMES FURTHER... 
with PERMACLAD 


STAINLESS CLAD STEEL 





, 
of 





Want stainless protection for your product or equipment— 
without wasting stainless steel? You'll get it at low cost— 
with PERMACLAD! 

A 10% layer of stainless, inseparably welded to a 90% mild 
steel backing, gives PERMACLAD the surface characteristics 
of solid stainless and the easy forming qualities of carbon 
steel. This means real savings in corrosion resistance and in 
fabrication as well. For you can cold-form PERMACLAD 
with ease, draw it deeper without intermediate annealing, 
actually form it into products impossible with many other 
materials. 

§ Even with the most severe draw, the percentage of cladding 
(which can be 20% or more if desired) never varies. And the 
stainless layer remains inseparably welded to its backing. 
For gleaming, stainless products and corrosion resistant equip- 
ment, design and build with PERMACLAD. The coupon 
below brings you full details in our new 8-page folder (P-98). 


Send for Free Folder Today 





MS GE FOR BETTER PRODUCTS AT LOW COST... SPECIFY PERMACLAD << 
° 


PERMACLAD 


STAINLESS CLAD STEEL 


Wonor 
ALAN WOOD STEEL COMPANY Conshohocken, Pa. 


Over 125 Years of iron and Steel Making Experience 





Gentlemen: 
I am interested in stainless protection with PERMACLAD. 
Please send me full information and new, free folder (P-9%8). 


Name Title. 
Company 
Address City State 


Other Products: A.W. ALGRIP ABRASIVE Floor Plate « A.W. SUPER-DIAMOND 
Floor Plate + Plates + Sheets + Strip * (Alloy and Special Grades) 
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| one of the major subjects of dis. 
_ agement development in the west- 


| ern hemisphere was held under 
| the auspices of the International 


_ was also included. 
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a 


bers present attended a _ special 
performance of the Engineering 
Centennial pageant “Adam to 
Atom,” besides being taken on 
tours of the Museum of Science 
and Industry and other features 
of the Engineering Centennial. 


Management development was 
















cussion. A conference on man- 







Committee of Scientific Manage. 
ment, and a round table discus-§ by 
sion on management development 7 



























Report on Materials }** 


According to latest reports, the 
steel situation seems to be soften- 
ing much faster than predicted 
immediately after the steel strike. 
One of the biggest factors in the 
quick easing of steel is a fast re- 
turn to high production by the 
steel companies. The second cause 
is a drop in consumer demand— 
attributed in some quarters to sec: 
ondary effects of the steel strike 
on employment. 


Steel production rose to 100 per 
cent of capacity by early last 
month—a recovery which was 
quite a bit speedier than first fore- 
cast by government and industry 
observers. And although November 
30. was the original target date for 
completing carry-over orders from 
the strike, steel companies were 
attempting to complete these or- 
ders by September 30. 


Decontrol predictions, which 
seem to change like a weather- 
vane on a windy fall day, have cor- 
respondingly been revised to re 
flect the latest situation. Although 
previous indications were that de 
control would be delayed for about 
a year (MACHINE DESIGN, Septem: 
ber, Page 248), current estimates 
are that CMP stands a good chance 
of being revoked during the spring 
of 1953, with a possible open-end 
CMP by the first quarter. 


Copper and aluminum are Vil 
tually in balance and the situation 
in these two metals is evidently no §. 
considered severe by NPA since 
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a recent NPA order permits their 
use for decorative purposes on con- 
sumer goods. Many manufacturers 
have already been advised by NPA 
that there is no longer need to re- 
duce usage of these two metals. 


Rules on the use of conversion 
steel have already been relaxed— 
although the high cost of this 
type of steel and its relatively lim- 
ited use restrict its application. 
And at press date, it appeared that 
additional supplies of steel, over 
and above the 80 per cent of third- 
quarter figure originally settled on 
by NPA, would be available. 


The first step may be an open- 
end CMP, with steel available with- 
out tickets provided mills have 
open space at the expiration of 
lead times. This type of decontrol 
would allow military requirements 
to be filled first, yet permit free 
distribution of steel to consumers. 


Long Range View: The Paley 
Commission which has acted as the 
President’s advisory commission on 
materials policy, recently issued a 
formal report on the long-term out- 
look for materials. In five volumes, 
the report presents some conclu- 
sions which may have a very def- 
inite effect on the philosophy and 
approach to new developments and 
designs in the next 25 years. 


The general conclusion reached 
by the Commission is that the 
United States will be forced during 
this time to realize that efficient 
conservation, use and development 
of sources of supply will be in- 
creasingly necessary. In support 


_fof this observation, the Commis- 


sion mentions some _ interesting 
facts. 

The quantity of most metals and 
mineral fuels used in the United 
States since the first World War 
exceeds the total used throughout 


_[the entire world in all of history 


Preceding 1914. Although almost 
all materials are in heavy demand, 
the hard core of the materials 
Problem is minerals. By 1975, de- 
mand for minerals as a whole, in- 
cluding metals, fuels and nonmetal- 
lies, will rise about 90 per cent— 
or almost double. Demand for en- 
ergy in all forms will also double. 


The domestic resource base is 
insufficient to meet this demand. 
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For DEPENDABILITY 


THE CORRECT FASTENER 
FOR THE JOB! 


Precision and Quality Work- 
manship, backed up by 38 
years of Erie experience, are 
yours for thoughtful buying. 
Whether you require a fastener 
made from carbon, alloy or 
stainless steels, to special de- 
sign, to exacting specifications, 
Erie fasteners will save you 
time and expense... from 
your planning, to procure- 
ment, to fabrication. Sub- 
mit your fastener require- 
ments to us, Erie Service 
will meet the challenge. 
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Photographic intermediates are produced 
without a negative step or darkroom han- 
dling with revolutionary Kodagraph Auto- 
positive Papers, Cloth, Film. Simply expose 
in a blueprint or direct-process machine; de- 
velop in standard photographic solutions. 


In thousands of eng 


...- important advantages like these 





3 features combined in improved Koda- 
graph Reproduction Cloths. They produce 
intermediates which are extremely durable 
. . » highly translucent . . . easy to correct. 
Unwanted details can be removed with a 
pencil eraser; surface retains its tooth. 





Low-cost insurance. By using Koda- 
graph Autopositive Paper intermediates 
for print production and reference work, 
valuable original drawings are protected 
against wear and tear. And this cuts re- 
drafting costs. 


Time and dollars are saved in mak- 
ing contact photocopies with Koda- 
graph Contact Papers and Cloth because 
of their latitude and uniformity. Spar- 
kling results are obtained without split- 
second timing . . . trial-and-error testing. 


Know the complete Kodagraph line—save dollars every day! 


For use in your blueprint or direct-process 
machine . . . or vacuum frame. 

@ Kodagraph Autopositive Paper Extra Thin 
...the low-cost photographic intermediate 
paper for all-purpose use. 

@ Kodagraph Autopositive Paper Translu- 
cent... more translucent, faster “print-back” 
speed. 

@ Kodagraph Autopositive Cloth . . . for ex- 
tremely durable, highly translucent photo- 
graphic intermediates. 

@ Kodagraph Autopositive Film... for 
highest quality intermediates, very fast print- 
back speeds. 

*@ Kodagraph Repro-Negative Paper . . . for 
positive intermediates directly from negative 
prints. 

For use in your contact photocopy machine 


@ Kodagraph Contact Paper Standard... 
for general reference prints. 





@ Kodagraph Contact Paper Extra Thin... 
for translucent intermediates. 

@ Kodagraph Contact Fine-Line Paper... 
for extra-sharp, crisp photocopies of fine de- 
tail, printed halftones, poor drawings. 

@ Kodagraph Contact Cloth... for durable, 
highly translucent intermediates. 


For use in your enlarging equipment 
@ Kodagraph Fast Projection Paper .. . for 
faster printing under low illumination. 
@ Kodagraph Projection Paper . . . for print- 
4 under comparatively bright workroom 
ight. 
( Soa available in variety of stocks for every need.) 
@ Kodagraph Projection Cloth . . . for ex- 
tremely durable, highly translucent interme- 
diates. 

For Microfilming 


Kodagraph Micro-File Machines, Film Read- 
ers, Enlarger, Micro-File and Print Film. 





No deterioration in the files. Kodagra 





Sie See 
“Unprintables” reclaimed 
Autopositive Paper drops out stains, crez 

. . Strengthens weak line detail . . . gi 
you intermediates with dense photograp] 
black lines on a clean, evenly translue 
base. And sparkling subsequent prints. 











, Kodagra 
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j 
f his condition has been a long 
| #ftime in the making, but it was not 
} until the 1940’s that we completed 
Whe change from being a raw ma- 
rials surplus nation to being a 
raw materials deficit nation. 
MWhereas at the start of the cen- 
tury we produced some 15 per cent 
more raw materials than we con- 
“Isumed, by midcentury we were con- 
‘S'"Esuming 10 per cent more than we 
produced. 
What are the implications of this 
constantly tightening materials 
situation? Absolute shortages are 
jot the threat to the materials 
problem. We need not expect we 
ill some day wake up to discover 
pe have run out of materials and 
that economic activity has come to 





























materials problem lies in a 
slow tightening of supply, leading 
to rising costs and gradual eco- 
nomic strangulation. 


The challenge, therefore, lies in 
two areas. As the Commission re- 
prt points out, new domestic 
burces of materials can be found, 
md we can import larger quanti- 
ies of materials from free nations. 
hese measures are, of course, ad- 
ocated. 


Of prime importance to design- 
ts, however, is the third recom- 
lendation—altering our patterns 
ff use away from scarce resources 
and toward more abundant ones. 



















As the report points out, “Some 
of our consuming habits are ex- 
tremely costly in scarce materials. 
We blow some 125,000 tons of 
lad a year into the atmosphere, 
lost forever, from the exhaust 
pipes of automobiles because we 
like quick pick-up on the road. We 
waste materials by over-design and 
over-specification. Often a trivial 
o@ Change of taste or slight reduction 
d@ in personal satisfaction can bring 
>@ tremendous savings.” 







The solution, from a designer’s 
viewpoint, is obvious. “Using re- 
sources today is an essential part 
of making our economy grow; ma- 
terials which become embodied in 
today’s capital goods, for example, 
ng are put to work and help to make 
(§ tomorrow’s production higher,” 


Says the report. “Effective conser- 
vation calls for the efficient devel- 


” 


@ (Ment and use of resources. . . 
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an end. The actual threat in the - 
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use of PLATECOILS gives 


CENTRI-SPRAY WASHING MACHINES 
construction and sales advantages 


In building several of these motor block washers for a large auto- 
mobile manufacturer, Centri-Spray, Inc., Detroit, Michigan has found 


that the use of Platecoils has 6 important advantages. 


Higher heat input per cubic foot 
for quicker heat-up. 


2 tasier installation with Plate- 
coil banks. 


> At least 90% of threaded pipe 
joints eliminated to reduce leakage 
problems. 


A bank of three 18 x 83 Platecoils is used instead of a pipe coil consisting of 
42 pieces of one inch pipe 85” long, and two pieces 87” long. In addition 
44 return bends were needed plus the straps and separate tie bars required. 
Use of the Platecoils not only simplifies fabrication for Centri-Spray, but it 


< Longer service without cleaning. 


5S Less condensate trapping in 
Platecoil bank as compared with 


_ serpentine pipe coil. 


G No wire cutting in return bends 
through much lower steam and con- 
densate velocity. 


also gives their customer a more efficient, dependable washer. 


Why not investigate using Platecoils in your products? You 

will find, as other manufacturers have, that Platecoils save time 

in estimating . . . that Platecoils save time and labor in fabri- 

cation . . . and that customers are better satisfied with Plate- 
i coil performance. Write today for Bulletin P71. 





DLATECOIL 


KOLD-HOLD MFG. CO. 


LAN NG 4 u AN 
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Before you specify or change clutches on. your machines, g 
check the many advantages of these three types of Wichita No 
Air-Tube Disc Clutches. y 


>*K COOLER RUNNING: The Clutch is designed so when rotating, "FASTER ENGACEM 
it acts as a centrifugal blower, pulling the air in at the center and & DISENGAGE ME | 


discharging it at the outside surfaces. POSITIVE VENTILATION! 


* FASTER ENGAGEMENT & DISENGAGEMENT: This clutch 
engages in a very small fraction of a second and disengages 
even faster, due to minimum air volume and to Wichita Quick 
Release Valves. 


* SMOOTHER OPERATION: Easy flexing of tube brings friction 
surfaces together softly, completely free of self energizing 
effect. Clutch holds firm. Tube carries no torque, thereby elimi- 
nating backlash and bounce. Torque is controllable by varying 
air pressure. 


* GREATER TORQUE CAPACITY: Greater friction surface area 
gives Increased Capacity. NO LOSS due to centrifugal force! 
NO LOSS due to friction of packings! NO LOSS due to heavy 
pistons! NO LOSS due to limited travel of diaphragms! NO LOSS 
due to leaks! 


* ENGINEERED AND MANUFACTURED in both Low Inertia and "GREATER TOR 
High Inertia, Standard and Special Ventilated types. 5 | CAPACITY’ 


* GREATER LIFE: Many tests have been run on Wichita Clutches 
where single engagements and disengagements have been 
measured to exceed 2!2 million cycles. These clutches are still 
in_ operation as originally furnished “GREATER Li 


Lining life is proportional to the heat generated, therefore, the 
cooler the clutch, the longer the life! 


>K LESS MAINTENANCE: Simplicity of Design makes for easier 
maintenance when necessary. NO ADJUSTMENTS! NO LUBRI- 
CATION! 


>K EASILY ADAPTABLE TO EXISTING MACHINERY. 


* WIDE RANGE OF CAPACITIES: 4,000 inch pounds to 4,000,- 
000 inch pounds. 


CALL THE NEAREST WICHITA ENGINEER ron DETAILED INFORMATI HK 


Brehm-iahner, Inc., Detroit, Michigan. . ‘ 

L. H. Fremont, Cincinnati, Ohio Telephone Redwood 7402 
Pneumatic Power Equipment Co., Cleveland, Ohio Telephone Superior 19822 
W. G. Kerr Company, Pittsburgh, Pa.. . . Telephone Atlantic 4254-5 
Smith-Keser & Co., West Hartford, Conn Telephone 33-3019 
Tool & Machinery Sales Co., Buffalo, N.Y. . Telephone University 203° 
Frank W. Yarline Co., Chicago, Ill. — Telephone State 2-0347 
Power Rig & Equipment Co., Inc., lens Beach, Calif.. . . . Telephone Long Beach 407935 











"EASILY ADAPTABLE 
TO EXISTING 
MACHINE RY“ 





WICHITA 
‘|| ZY LOW INERTIA 
Uh 5 Air-Tube DISC CLUTCH 


"ENGINEERED AND 
MANUFACTURED IN 
BOTH LOW INERTIA 
AND HIGH INERTIA 
TYPES.” 


DOTHER 
RATION” 


4 

” SPECIAL 

| VENTILATED 
Air-Tube 

DISC CLUTCH 





“WIDE RANGE OF 
CAPACITIES “f 











WICHITA 


STANDARD 
Air-Tube 


DISC CLUTCH 
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An interesting design and functional feature of this unique 
Wisconsin Air-Cooled Engine application by Thompson & Gill, Inc., 
of Madera, Calif., is the mounting of the engine on a swinging 
frame below the conveyor. The power unit (a Model AKN Single 
Cylinder Engine) retains its vertical position regardless of the load- 
ing angle of the stacker which can handle bales, bags or boxes, 
stacking to a height of 18 ft. 


In the design and manufacture of a great variety of specialized 
power equipment, Wisconsin Air-Cooled Engines “get the nod” 
because of their adaptability to fit the machine as well as the job, 
thanks to extremely compact design, light weight, and all-weather 
serviceability . . . plus heavy-duty construction and performance. 


You can’t do better than to specify “‘Wisconsin” for your equip- 
ment. Detailed data and engineering cooperation on request. 


-. WISCONSIN MOTOR CORPORATION 





Models ABN, AKN, AEN 
4-cycle single cylinder, 
3 to 8 hp. Other models, 
up to 30 hp. 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 


MILWAUKEE 





46, WISCONSIN 
A 7285-A-% 








on Nominal Orders for 


VALVAIRS 


—— THANKS 10 — 
VALVAIR DIVERSATILITY 


@ Valvair Diversatility is an 
exclusive, original form of 
standardization. Five basic 
bodies permit incorporating 
any one (or two) control 
assemblies with a standard 
valve body. Unique Valvair 
advantages enable us to 


















cost. . . Sizes: 1%4"’ through 1”. 
May we fill your orders now? 


Get new Bulletin “D-10". 
VALVAIR CORPORATION 
Affiliate: Sinclair-Collins Valve Co. 

953 BEARDSLEY AVE., AKRON 11, OHIO 
IN PRINCIPAL CITIES 






3-way, knob-operated 
air control valve. 


REPRESENTATIVES 
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ESUMING his portrayals of 
engineering department 





ter 












rogues, J. P. Henderson presents afi I 
familiar character this month. con 
“ole 

The Closet Engineer Log 

pro, 

In every engineering office we § tha 
can find at least one man in a semi- § ere: 
responsible position, or who should par 





be in one, who can be described as § wit! 
either the “old clothes man” or [ging 
“Joe College.” Although these two ff the 
types are at opposite ends of thef 4A 
sartorial rainbow, they have one § mar 
thing in common: a failure to con- J whe 
form in the matter of dress. Ove 

Management and executives in § pro: 
a manufacturing concern are gen- § com 
erally conservative. This attitude § oby: 
often carries over into the way § pro; 
they dress. Joe College, regardless § q) jy 
of whether he is just out of high# 4 
school, or left Siwash twenty years § junc 
ago, is the type who may appear § imp 
at work in moccasins, a plaid shirt, § Hay 
and no tie. The “old clothes man” § heer 
is equally as conspicuous with bag: § beer 
gy pants, an old sweater and un- § self 
shined shoes. 

Now, it is probably everyone's g, 
right to dress as he pleases within § oy) 
the bounds of decency. If an engi- J the 
neer chooses to be such a rugged phy] 
individualist, he may, but he Gf igeg 
should do it with some apprecia- § othe 
tion of what it costs him. And it 
can cost plenty. 

The kindest thing that can happen 
to him is to be told about it. If the T) 
boss takes the attitude instead that § prok 
either of these characters is old § his 
enough to know better and lets § does 
them both go on unchecked, then § pay 
both Joe College and Baggy Pants—_ W 
finally become “closet engineers.” J loye 

Let us examine the way one § doin, 
rates this title. It's 

A district sales manager is in § The 
from the New York office, possibly § pose 
with a big customer in tow. Both f him 
the salesman and the customer are § Wort 
vitally interested in that new Model § body 
K which will be produced in a few 
months. To be able to discuss som¢ 
of the details on this job, the }oss 
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Stress Relief 


would like to be backed up by the 
engineers who have been most con- 
cerned with its development. Dur- 
ing the conference, the time comes 
to go to lunch. A big hotel, the 
country club, the athletic club? 
The sales manager whispers to the 
boss, “We can’t take that charac- 
ter; no tie, no coat.” 

Important customers come in, 
concerned with a device that the 
“old clothes man” has worked on. 
Logically they should discuss the 
project. But if the boss considers 
that such a meeting will not reflect 
credit on the company or his de- 
partment, the conference goes on 
without the appearance of the en- 
gineer most capable of adding to 
the facts. 

A closet engineer then is the 
man who is hidden in the closet 
when important people are around. 
Over a period of years, he lacks the 
broadening influence that can 
come from outside contacts. He is 
obviously not material that can be 
promoted without a major upheav- 
al in his habits. 

Have you ever been invited to a 
luncheon with company officials, 
important customers, or salesmen? 
Have the other people around you 
been invited while you have always 
been left out? Take stock of your- 
9 ! 
sm —J. P. HENDERSON 

Sometimes we thin): Henderson 
could have written copy promoting 
the sale of special soap or chloro- 
phyll products. Next, here’s another 
idea that is aimed, of course, at the 
other fellow. 


The First Move 


The average man on the job 
Probably thinks that if he does 
his work from day to day, and 
does it well, he’s in line for more 
pay and a promotion. Why? 

Why should any sensible em- 
loyer raise a man’s pay if he is 
doing just what he’s paid to do? 
It's a stalemate. Everybody’s even. 
The employee does what he’s sup- 
pose to, and the employer pays 
him what he thinks the job is 
Worth. While I say that every- 
body’s even, I don’t mean every- 
Me is satisfied. The employee 
Wants more money, of course. 

How is this condition of appar- 
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of product or process 
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Widely used in industrial controls for heat treating 
for the control of plastic and injection molding 
lapping, induction heating, mixing and agitation, 
purging gas fired ovens etc. — where accuracy of timing 
improves quality, reduces supervision or vitally protects the process or 
equipment itself the Cramer Type TEC Time Delay Relay 
provides an adjustable time delay between the 
operation of a control circuit and the subsequent closing or 
opening of a load circuit. Designed for dependable 
trouble-free service . compact construction 


extremely accurate 


For complete details of the Type TEC 
relate Moti il=lame (=) el-vale tele) (=m Gaaeliil=a 
timing instruments -vale me feleleh amie) 


copy of new Cramer Catalog 


THE R. W. CRAMER CO., INC. 


BOX 6, CENTERBROOK, CONN. 


‘Builders of dep ndahble timing devices for more than 25 years. 


ape m a cs oes 2 ¥ RESET TIMERS 
NTERVAL TIMERS . ME DELAY RELAYS ESE 


LSE TIMERS +*© RUNNING TIME METERS + PERCENTAGE 


efficiently * economically! 


@ At Fairfield, YOUR GEARS are in the hands of 
specialists equipped with every modern facility for pro- 
ducing fine gears EFFICIENTLY, ECONOMICALLY. 
By specializing exclusively in “Fine Gears Made to 
Order” for more than thirty years, Fairfield has become 
one of America’s largest producers of these parts. This 
is why many makers of construction machinery... 
agricultural implements ... machine tools... military 
equipment... tractors, trucks, and buses now regularly 
depend on Fairfield to meet their 

requirements. For the Best in 

Gears, Specify Fairfield. 


Right— Entrance to offices of 
Fairfield’s new plant in 


Lafayette, | 


Above —Hob 
Spur Gear. 


FAIRFIELD 


ndiana. 
bing 


om “ ‘ —— 
oi ein tt 


MANUFACTURING CO. 


2307 So. Concord Road, Lafayette, Indiana 
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ent equilibrium going to be upset! 

As an employee, you know ex: 
actly how it could be upset. If you 
get a nice juicy raise, you w.ll do 
more work and justify the in- 
creased pay, you tell yourself, 
Then, everything will be fine until 
by some miracle you get the next 
raise, and take more responsibility, 
and do still more work. 

That’s a splendid idea, but the 
trouble is it doesn’t work that way, 
Whether you like it or not, wheth- 
er you consider it fair or not, it’s 
up to you to put out the extra 
work first. The boss holds the 
purse strings; your job has a price 
label on it, and he is not going to 
raise your pay just because he 
likes the color of your eyes or the 
part in your hair. 

It’s your move first. Only when 
you have been doing a better job, 
an obviously better job for months, 
can you expect that the boss is go- 
ing to do anything exciting about 
it. 

Even then, you may have to suf- 
fer a while longer. Next year, 
there’s going to be an opening, and 
because that extra work you've 
been doing finally penetrated the 
boss’s consciousness, he has you 
marked. You will get that raise in 
position and pay. 

You may see no justice in such 
a system but, like it or not, it’s the 
way the game is played. Certainly 
no one has ever advanced any evi- 
dence to show that the alternative 
is true—work less and less and ex- 
pect a raise and a promotion. 

Who? That fellow? He’s the 
president’s nephew. 

—J. P. HENDERSON 


G. K. Chesterton neatly said it 
this way: “I do not believe in 3 
fate that falls on men however 
they act, but I do believe in a fate 
that falls on them unless they act.” 





They Say... 


“The companies most successful 
in meeting their management mal- 
power requirements will be those 
which are most successful in get 
ting the best out of the people they 
already have.” Louis A. ALLEN, 
personnel administration manager, 
Koppers Co. Inc. 
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ex- 
you 
| do 
in-Qioes his company. 

elf) Optimism is a virtue the world 
ntjjeround. All of us have known the 
man with a negative attitude. He 
ran be convinced, but it takes hours 
of valuable time. He usually is the 
thegultra-cautious conservative type. 
raygHe never can be an outstanding 
tth-@member of any organization. 

it’s§ These, then, are a few of the 
traqualities that help make a success 
of any chosen career. One’s educa- 
tion represents the minimum qual- 
ification. It does not guarantee 
success. The qualities discussed, on 
the other hand, if one has them 
in full measure, will insure his rise 
above the median, not only in engi- 
‘fneering, but in any profession. 
From an article entitled “Qual- 
‘fities Industry Wants in Its Eng- 
neers” appearing in the May 1952 
issue of the General Electric Re- 
view. 


(Continued from page 201) 
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Pulse Excitation of 
hel Resistance Strain Gages 


in By J. G. Yates, D. H. Lucas 
. and D. L. Johnston* 
¢ 
he#PPULSES of a few microseconds 
lyf4 duration have been used suc- 
i Beessfully in a new technique for 
veiexciting resistance strain-gage 
x Bbridges. The method is specially 
applicable to compact multichannel 
¢quipment with cathode ray tube 
display. 
Nf It has been found that impe- 
dance measurements can be made 
by exciting a bridge circuit with 
rectangular pulses of voltage in- 
stead of with dc or ac. Thus, in a 
” resistive bridge, an output pulse 
isobtained at each repetition where 
height is a measure of the degree 
of the unbalance of the bridge. 
When applied to strain gage meas- 
i wWwement the height is a measure of 
the instantaneous strain. The pulse 
may be amplified in a suitable ca- 
bacitor-coupled amplifier, so that 
the value of strain is reproduced 


— 


—* & 


‘J. G. Yates is at the Engineering Labora- 
‘ory, Cambridge, England. D. H. Lucas 
formerly was and D. L. Johnston is at the 

ch Laboratories of Elliot Brothers (Lon- 
don) Ltd., Borehamwood, England. 
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Roth Research 
Brings Results 
With Rubber 


~ 
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(Re)Roth Rubber 
Protects new > 


Fire-Control 

Thermostat Against 
Shock and 
Vibration 










Roth Rubber 
Company is now 
moulding for Vapor 
Heating Corporation a new 
fire-control thermostat, designed 
for maritime and industrial applications. 
It must resist a shock equal to 100 times 
the pull of gravity, must withstand 30,000 
vibrations per minute —and must 

register all temperature changes to .03° 
accuracy. 





























To mount this thermostat successfully 

and meet these rigid in-service specifica- 
tions, many manufacturers tried a 

wide variety of materials. But Roth — 

and only Roth —developed a mounting that 
would meet all three service requirements 
at reasonable cost. 


Roth Rubber mounted the thermostat in 
a specially formulated Neoprene sponge, 
covered top and bottom with solid, 
oil-resistant Neoprene. The Roth-developed 
housing cushions the thermostat so 
successfully that in performance tests it 
has far surpassed the exacting 
specifications established for it. 


What’s your rubber problem ? 
Roth can help you, too! 


@ Custom Manufacturers of Industrial 
Rubber Products since 1923 








1856 S. 54th Avenue, Chicago 50 


Name 
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Company 
Address 
City Zone—_State. 

































MEASURE IN MICROINCHES RMS 


Cucreased over 100% 


because [THE S. h. WELLMAN CO. 


uses the PROFILOMETER 


The S. K. Wellman Company of Cleveland, Ohio, world’s largest manufacturer of 
all-metal clutch facings and brake linings, was experiencing trouble in the manufac- 
ture of a special! clutch disc for use in a vital aircraft production unit. 


Specifications for this special clutch disc called for its manufacture to be exceedingly 
thin and with a surface finish of no more than 32 microinches r.m.s. 


When the thin clutch discs were first put into production, Wellman experienced warp- 
ing, burning and glazing during grinding and lapping. Production was low and 
scrappage was excessive. Some method, Wellman decided, was needed to increase pro- 
duction yet maintain specified tolerances. 


Then Wellman turned to the reliance of the Profilometer. 


With the Profilometer, Wellman production men found they were grinding and lap- 
ping the thin clutch discs far too smoothly—from six to ten microinches—thus caus- 
ing the disastrous warping and burning. It was also found with the Profilometer that 
grinding and lapping time of the discs could be cut to a minimum due to accurate 
on-the-job surface measurement. Surface finish was held to the specified 32 micro- 
inches. And most important of all—scrappage was almost entirely eliminated and 
production increased over 100% 


This is just another example of the ever increasing use of the Profilometer as an im- 
portant shop instrument. 


+ 
omnte® 
_ 


ror 


To learn how the Profilometer can help cut costs in 
your production, write today for these free bulletins. 





Profilometer is a registered trade name. 


NMEICROMETRICAL — 
“MANUFACTURING COMPANY 3 


ier marty PHYSICISTS RESEARCH COMPANY — 
Instrument Manufacturers 


ANN ARBOR I3 














MICHIGAN 











| 
























Design Abstracts 





continuously but without the zen 
drift associated with de amplifie 

In Fig. 1 a bridge ciruit and the 
forms of input and output pulse 
are shown. The unbalance voltag 
of the bridge has an initial “spike, 
due to stray reactance, which ; 
separated in time from the platea 
or final level of the output pulse 
Only this final level is displayed a 
the cathode ray tube. 

Successful results have been ob 
tained with exciting pulses }{ 
microseconds long, repeated 10,00 
times per second to each bridg 
circuit. Screened leads are no 
used as a twisted pair of thin flex 
ible wires is satisfactory, the ca 
pacitance being about 10 picofarad 
per foot and the inductance 0. 


DN EPRI BAROLO itn RE RC = EN RE Nt Re ANN eI ss 
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Pain OF sTRam \ 
GAUGES —v 





UNBALANCE PULSE 
ACROSS BRIDGE 


PULSE EXCITATION 
APPLIED TO BRIDGE 


JUUL 


PLATEAU HEIGHT OF “sexe” 
PULSE APPEARS ON 
a Aa ae | SCREEN aS 4 COT 
= a ENLARGED View OF 
MICROSECS OuTPuT PuLse — - 
(a) 


484 end DN APE Se 














Fig. 1—Bridge circuit for pulse ex 
citation. Form of input pulse ! 
shown at a, form of output pulse at 


microhenries per foot. Leads if 
to several hundred feet in lengul 
have been used. 


Se ka iis, dette ee ace 
> 


Multichannel Display 


One of the chief advantages ¢ 
pulse excitation lies in the applica 


tion to multichannel display. 3) at 
exciting the gages at differell ip, 
times, all the output pulses can % 

handled by a common amplifier bul AIR ¢ 
displayed separately on a cathod# - 
ray tube. Pulse excitation cquill car 
ment is not as simple as a dc or 2] Air « 
ac amplifier for a single channe 

but it is superior for multichant 

display. A ten-channel apparatl] LO¢ 





can be no bigger than about thre 
separate amplifier channels 
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TYPICAL APPLICATION OF 
LOGAN ROTOCAST CYLINDERS 














Hydraulic shearing press with 4 stand- 
ard ROTOCAST Hydraulic Cylinders to 
retract the lower knife after shearing cut. 
(Central cylinder is special single-acting 
hydraulic cylinder.) 


WRITE FOR YOUR FREE COPIES 
LOGAN TECHNICAL MANUALS 


THE CIRCUIT RIDER... 

A 32-page booklet on basic designs in 
fluid power circuits together with draw- 
ings as a guide to more effective 
application. 


THE FACTS OF LIFE... 
A 24-page booklet on the “Do's and 
Don‘ts” in installation, operation and 
maintenance of Air and Hydraulic 
equipment. 

e 


Logan Engineers will help you design 
your Air and Hydraulic circuits. 


LOGAN MANUFACTURES 6,975 CATALOGED ITEMS 
Free Catalog On Request 


AIR CONTROL VALVES COLLET-GRIP TUBE FITTINGS 
CATALOG 100—4 CATALOG 200—5 


AIR CHUCKS HYDRAULIC CONTROL VALVES 
CATALOG 70—1 CATALOG 200-4 


AIR CYLINDERS HYDRAULIC CYLINDERS 
CATALOG 100—1, also 100—2 CATALOG 200—2, also 200-3 


AIR and HYDRAULIC PRESSES HYDRAULIC POWER UNITS 
CATALOG 51 CATALOG 200—1 


SURE-FLOW COOLANT PUMPS = CATALOG 62 ; 
LOGANSPORT MACHINE CO., INC. © 811 CENTER AVENUE, LOGANSPORT, INDIANA 
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A Single Balanced 3 
| their associated stabilized pow 
Mechanical Seal for | eupelies. 


Light Hydrocarbons A separate pulse generator 


, used for each gage and a p 
at High Pressures... transformer is used to match 
: gage impedance to that of the ge 


erator. Each generator in tur 


TYPE-PS. — triggers the next one, the cyd 
oa@ve . = being completed by closing the riz 





with one extra stage which pm 
A vides a blank period used for se 
Now — perfect sealing ____ = — ting the zero level on the cathog 
for pumps handling alae aii BI 8 ein! <5) ray tube. 
light hydrocarbons up —= The output terminals of all 
to 600 lb. pressures. bridges are connected in para 


Can be installed on and applied to a common an 
plifier. The requirements 


seer epee ; : that it should reproduce 1 
. mirosecond pulses without seriou 
sleeves = machin- 3 aes distortion. After two stages of 
ing required. — amplification, the de level is reif 
é serted by means of a clamping ci 
cuit operated during the idle perio 
of the eleventh pulse. Two furthe 
stages of dc amplification appl 
: the signal to the display tube. Th 
DURAMETALLIC yf CORPORATION tube is brightened only during 


KALAMAZOO MICHIGAN last 2 microseconds of each pulse 


“Dots” Indicate Strain 





9 ea The amplitude display is a re 
of dots when there is no strail 
TO OUT OF WE OFFER With static strain the dots are di 


placed, and with static and dynami 


strain, the elongated line sho 
total amplitude, and its cent 


point shows the mean static load 


On Special In the waveform display the spol 


are initially spaced out vertical 


ANTI-FRICTION BEARINGS a instead of horizontally, and 2 


then deflected horizontally, 
tively slowly, by an adjustab 


ROLLER, BALL OR NEEDLE A time-base, as on an_ ordina 


Our answer to nearly every company, MORTON TYPES OF cathode-ray oscilloscope. ed 
now sending specifications for quote and SPECIAL and STAND- ee ; ~ I j i ) 
delivery promise, is 60 DAY DELIV- ARD THRUST BEAR- f the me base - stop] , 
ERY. We can do this only because our INGS . continuous-motion film camenh 


administration, engineering and produc- . ° P 
tion are so closely knit together and Flee Reco may be used to provide the time dl 


ee Grooved Races— ‘a placement. For continuous 
Orders proceed from administration Flat Seats— ords a cathode-ray screen of fai 


through engineering into actual produc- ; = 
tion in a matter of d Vet with om ‘Wharton! Seats : : : 
this epeod yc “yA onmeed of the finest Banded Bali— . decay is desirable to avoid smé 


quality Anti-Friction Bearings manufac- Double Direction— on the photograph. A 16 mm ci 


tured to your exact specifications. * Extra Light 
camera has been used, and here 


SEND YOUR OWN SPECIFICATIONS FOR * Light * Medium a ’ 
QUOTE AND DELIVERY ESTIMATE * Heavy Series * persistent screen was found to! 


BEARING COMPANY more suitable in order to redué 


M O RT O N 200 HILL STREET / the stroboscopic effects due 


Ann Arbor, Mich. | beats between the speeds of camel 


SEND NEW CATALOG OF STANDARD ANTI-FRICTION BEARINGS 2 shutter and time-base sweep. 
Name : X: | | From a paper entitled “Pt 


Firm Name : — wt) | Excitation of Resistance Stra 


Products Manufactured Pas =... a A 
Street City — | Gages for Dynamic Multichant 
MACHIN 
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EXTRA FEATURES AT 
NO EXTRA COST... 


Totally enclosed . . . ball-bearing. 


Externally ventilated, fan-cooled, 
non-cloging. Dust-proof, splash- 
proof, lint-proof. 


Standard NEMA dimensions. 
Corrosion-resistant . . . inside and 
out. Specially impregnated to resist 
moisture. 


Standard and face mounted end- 
plates, interchangeable for vertical 
or bracket type motors. 
ASK FOR BULLETIN and mechanical 


data on our complete line of electric 
motors (1/20—20 HP). 





BALDOR ELECTRIC COMPANY «+ ST. LOUIS 
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O-M CYLINDERS 


AIR HYDRAULIC WATER 






















MORE POWER in less space 


a LESS COST 


O-M is All Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves 44 in installa- 
tion space. In full range of 
sizes from 114” to 8” bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 
installations. 


TEMPLATES 
Complete set. 
Shows all cylin- 
ders and mount- 
ing brackets. 2 
or la “ 


, FREE 
NEW CATALOG 
28, diagram- 
packed pages of 






specifications, 
ports listing and 
other information. 


ORTMAN-MILLER MACHINE CO. 


1210 150th St., Hammond, Indiano 


At no cost or obligation. . . 


: 


Nome 


Send me your new, complete catalog. 
Send me oa complete set of '/, scale templates. 
Send me a complete set of '/, scale templates. 





Firm 





Address 





City State 





MAIL COUPON TODAY! 
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Observation” presented at_ the 
Experimental Stress Analysis in 


Indianapolis, Ind., May 1952. 


Lightweight Sandwich 
Structures 


By B. Del Mar and H. Stumpf 


Del Mar Engineering Laboratory 
Los Angeles, Calif. 


' Oyesrdienais search for stronger, 

lighter structural materials 
and construction methods has 
focused considerable attention on 
the possibilties of honeycomb core 
structural panels. Panels incor- 
porating a lightweight core, which 
separates and is bonded to thin 
high-strength facing materials, are 
structural units with very high 
strength - weight and_ rigidity- 
weight ratios. Such panels, with 
their neat appearance, insulation 


properties and simplicity of as- 


sembly, are suitable to many appli- 
cations especially in the design of 
airborne equipment. 

Of all of the so-called 
wich construction” panels, 
incorporating a manufac- 
tured honeycomb core material ap- 
pear to be the most promising. 
Honeycomb core materials are 
manufactured from thin sheets 
into a bulk assembly of uniform 
structural shapes capable of with- 
standing shear and compression 
loads. Most of these have been 
hexagonal in shape, resembling 
honeycomb cells. There are several 
core materials now being manufac- 
tured in quantity. Among these 
are 4 and 8-oz cotton duck cloth, 
60, 70, 110 and 125-pound Kraft 
paper, glass fiber cloth and 0.002 
through 0.006-inch thick aluminum 
foil. A number of other materials 
are being manufactured experi- 
These materials are 


cores having a variety of cell 
pitches, with %-inch and 7/16- 


| inch being the most common. The 


paper and cloth are impregnated 
with resin which is cured to hold 
the core shape. Panels can be fab- 
ricated by facing the core with 
metal, wood, plastic, cloth or paper 


“sand- | 
those | 





| 


Spring Meeting of the Society for | § 


Available 


for the first time..: 
J 


a Full-Color 
ra Sound Film 

































Scientific schools and groups of 
designers,engineers, metallurgists 
and technical societies can now 
secure the free use of this full- 
color sound film, the first pro- 
duced in the steel foundry 
industry. Available in 16 mm 
prints, the film is a 37-minute 
tour of the modern plant of 
Lebanon Steel Foundry. The 
camera follows jobs from the 
blueprints on the project engi- 
neer’s desk through steps of 
production to show, finally, 4 

few of the many important uses 
of Lebanon quality Steel Cast- 
ings. Write for information of 


this exciting and educationa! film 


ay 





* LEBANON STEEL FOUNDRY 
: Dept. G, Lebanon, Pa. 
. In the Lebanon Valley 


slLEBANON 


ALLOY AND st 


castings 
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Finding fuel for freedom 


In field after field, the search for oil—life blood 
of America’s industrial and military might — 
is spearheaded by Ostuco Tubing in the form 
of core barrels, drill rods, shells, special cou- 
plings, and the like. 

Engineers in the progressive oil business 
specify Ostuco Tubing because they know it 
is made by tubing specialists with experience 
dating from the time seamless tubing was first 
produced in this country. They know they can 


count on Ostuco for tubing of highest quality. 
Many other industries use Ostuco Tubing— 
seamless or electric welded—because it en- 
ables them to increase strength, reduce weight, 
and cut cost of their products. We cannot al- 
ways promise early delivery estimates on new 
civilian orders, because of military demands, 
but it will pay you to consult our experienced 
engineers about OsTuUCO Tubing when redesign- 
ing your products to meet future competition. 


THE OHIO SEAMLESS TUBE COMPANY 


to Your Product 


OSTUCO TUBING 


From Your Blueprint 


Manvifacturers and Fabricators of Seamless and Electric Welded Steel Tubing 
Plant and General Offiees: SHELBY, OHIO 


>, 


OsSTUCO 


Swrtiayv. one 


SALES OFFICES: Birmingham, P. O. Box 2021 * Chicago, Civic Opera Bidg., 20 N. Wacker Dr. 
Cleveland, 1328 Citizens Bidg. * Dayton, 511 Salem Ave. * Detroit, 520 W. Eight Mile Road, 
Ferndale * Houston, 6833 Avenue W, Central Park © Los Angeles, Suite 300-170 So. Beverly 
Drive, Beverly Hills © Moline, 617 15th St. © New York, 70 East 45th St. * Philadelphia, 
1613 Packard Bidg., 15th & Chestnut © Pittsburgh, 1206 Pinewood Drive * St. Louis, 1230 
North Main St. © Seattle, 3104 Smith Tower * Syracuse, 501 Roberts Ave. * Tulsa, 733 Ken- 
nedy Bidg. * Wichita, 622 E. Third St. * Canadian Representative: Railway & Power Corp., Ltd. 
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MATERIAL PROBLEM? 
Then Specify FELT 


.just the way you want it— 


You can use it for high-finish polishing ; 
or select felt that is tough enough to be 








ml 


Any lll size, thickness or consistency 
required to meet your most exacting 
specifications is easy to get when you. 
put in a call to FELTERS. 

Call us when you need FELT in rolls, 


strips, by the square yard wa 
or in precision cut parts. aa 





ok 


Fike ot and Mak thea Zino oe 
The FELTERS COMPANY 


Manufacturers of Unisorb for Machine Mounting 
210-MD SOUTH STREET, BOSTON 11, MASS. 


Gentlemen: Please send me details on Felters Felt and Felters 
Precision Cut Felt Parts. | have the following material problem: 


| sheets. 





| and impregnated cloth. 
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The facings can be bondej 
to the honeycomb with any one 9 
a variety of commercially avail. 
able resins. These core material 
are available for any desired thick. 
ness of panel; however, the major. 
ity of design requirements have 
been met with panels less than five 


| inches thick. Available mass pro: 


duced cores are limited in length 
and width by existing production 
equipment. Core materials are pro- 
duced in sizes considerably less 


| than those of standard facing ma- 


terials. Splicing of core segments, 
therefore, is required for their fab§j 
rication into panels. 

Honeycomb core materials, when 
bonded into panels, allow the face 


| materials to be stressed up to 
| their yield strength. The core car- 


ries shear loads, resists tension 
and compression loads perpendicv- 
lar to the plane of the panel, and 
stabilizes the faces, preventing pre ; 
mature buckling. For _highe 
strength cores, bonding of the com- 
ponents of the panel is increasing: 
ly critical. 

Shear and compression strengths 
of core materials vary almost di- 
rectly with the weight of the core; 
the heavier core being the strong: 
er. Some relative strengths, as; 
obtained from published data are 
shown in TABLE 1. 

Rigidity in honeycomb core panel 


| construction is a function of the 


total panel shape; with a core ma- 
terial weight-rigidity ratio prob- 


| ably highest for magnesium foil 
| core and then, in decreasing order, 


aluminum foil, impregnated paper 
Honey- 
comb construction shows a consié- 


| Table 1 — Strength Properties of 


Honeycomb Cores 





Core Core — Strength — 
Material Weight Comp. § 
(b/ ft?) (psi) (psi) 





Paper, 60 Ibt ...... 1.70 130 40 
Paper, 70 Ibf ...... 2.18 140 51 
Paper, 110 Ibt ..... 2.95 240 53 
Alum, foil, 0.003 in. . 4.20 455 85 
Alum, foil, 0.002 in. . 4.30 475 90 
Cotton duck, 4 ozt . 4.70 380 90 
Paper, 125 Ibt 4.90 620 162 
Alum. foil, 0.004 in. . 5.40 660 140 
Alum. foil, 0.003 in. . 6.10 780 175 
Alum, foil, 0.004 in. . 7.85 1090 270 
Cotton duck, 8 ozt . 8.60 1000 204 


— 





* For transverse core direction only. Long: 
tudinal direction values are approximately 14 
times greater. t Impregnated. 
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erable advantage over fabricated 
wood or metal panels on a rigidity- 
weight basis. 

The insulation properties of a 
given thickness panel are a func- 
tion of the core material used, the 
thickness of the sheet used in its 
manufacture and the size of the 
reticule of each honeycomb. Cloth, 
paper and metal, in that order, 
vary from good to poor thermal in- 
sulators. Cells of the core may 
be filled with a lightweight, rigid 
plastic foam to increase the panel 
insulation properties. 


Design Considerations 


There are, however, certain defi- 
nite limitations to lightweight core 
design. One is in the handling of 
concentrated loadings, particularly 
shock loadings. If the panel, with 
its thin facing material and light- 
weight core, is considered in much 
the same manner as any other 
lightweight skin panel construc- 
tion, if the concentrated loads are 
taken over a considerable area of 
the panel, and if special considera- 
tion is given to eliminating or at 
least minimizing the tension loads 
in the core-to-face glue line, such 
lads can be handled quite effi- 
tiently. Previous design experi- 
ences have revealed a number of 
methods of designing for these con- 
centrated loadings, and of using 
tugged core material to resist 
shock. 

Actually there is no single per- 
formance characteristic of honey- 
comb panels which cannot be du- 
plicated by some other method. 
When combined characteristics are 
considered, however, other methods 
lose what would sometimes appear 
to be their greater simplicity. For 
example, honeycomb panels have 
been utilized successfully in the 
construction of military _light- 
Weight trailers. A comparison of 
honeycomb panel advantages in 
thes: structures with respect to 
more conventional sheet - metal 
frame-type constructions reveals 
the good combination of physical 
qualities it provides: 


1. Rigipiry. A structure can be 
made as rigid by other methods but 
the weight and amount of material 
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869 Bridgeport Ave., MILFORD, CONN. 808 Illinois Ave., AURORA, ILL. 
1108 W. River St., ELYRIA, 0. 28 Platt St., HATBORO, PA. 








Born of Res 


Motors for nearly every pur- 
pose including gearmotors. 
A. O. Smith offers you a wide 
range of types and sizes from 
% HP to 500 HP. 


SPHERE eeneseesese 


-— -- 


earch 


PROVED BY 
PERFORMANCE! 


Here’s a handsome motor with pleasing 
lines to enhance the appearance of any 
driven machine. More important, when you 
look inside you can see rugged construc- 
tion, high quality materials and advanced 
engineering refinements. Add them up and 
you get years of dependable, trouble-free 
service backed by a nationwide organiza- 
tion of service and warehouse facilities. 
Write for latest bulletins. 


A. O. Smith, known for progress in research, 
engineering and production for three genera- 
tions, offers you a complete line of Polyphase 
and Single Phase Motors. Wide variety of en- 
closures and mountings for every standard 
and special purpose application. 


A0.Smith 


5715 SMiTMway STREET, LOS ANGELES 22, CALIFORNIA + 1008 WEBSTER STREET, DAYTON 4, ONIO 
Offices in Principal Cities. International Division, Milwaukee 1. 
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needed will increase to a large de 
gree. Honeycomb panel structure pro- 
vides the most efficient placement of 
strong material to give strength and 
rigidity in bending—right at the 
outer surface. Furthermore, the sur- 
face material is kept by the honey- 
comb from forming shear wrinkles 
common to other thin sheet struc- 
tures; thus these structures provide 
far less deflection in shear. 

2. WEIGHT. The strength efficiency 
of honeycomb panel structure is 
very high in terms of material used. 
All surface material can be worked 
in compression to stresses which 
closely approach their block limit 
values instead of only an effective 
width of surface material adjacent 
to longitudinal stiffeners as in more 
conventional sheet structures. The re- 
sult is a much lighter weight struc- 
ture. However, bending strength is 
not the only consideration and when 
durability is made equivalent by a 
good rugged design, this weight ad- 
vantage is cut down to a small mar- 
gin. 

3. INSULATION QUALITIES. The insu- 
lation quality of honeycomb panels 
is built right in to the structure; 
particularly when paper core or even 
cotton duck core is used. Edge clos- 
ure strips on the panels conform to 
insulation requirements when made 
at least in part from phenolic or 
other plastic materials of low con- 
ductivity. Where a very high degree 
of insulation is required, and even 
radiant and convection heat transfer 
is to be held to a minimum, a light- 
weight foam material can be placed 
in the core reticules without serious- 
ly affecting the simplicity of the pan- 
els. Conventional frame construction, 
because insulation is more of a non- 
uniform proposition, is more apt to 
show frost spots in the interior in 
cold weather. Insulation between in- 
side and outside surfaces in the re- 
gion between frames of conventional 
structures can readily be provided 
and will perform well when new. 
However, after any extended service 
use, this insulation often tends to 
pack and settle. Usually it will re- 
quire a time-consuming and costly in- 
stallation procedure to avoid this. 
Right at frame stations, insulation 
can never be made highly effective 
in the conventional structure, and 4 
thick insulation panel (often wood) 
is usually required for the whole in- 
terior surfacing. Here, then, a severe 
weight penalty is generally accepted 
and interior smoothness, durability 
and neatness are usually lost als». 

4. SPACE. Honeycomb panel sti uc- 
ture can be so compacted into thin 
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Give your appliances 
this EXTRA VALUE 
...at NO extra cost! 
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Normally supplied 
with Center 
Stud mounting. 






or 
on- | The exclusive, patented 2 feature 
of this Mark-Time unit makes it TWO 
ree timers in one! ... and puts more “‘sell"’ 
yen into your appliances! 
fer Here's why: in the long-time position 
ht- e@ user can measure time up to E 
‘an HOUR for baking, roasting, stewing and 


other lengthy cooking operations . . . can 
use it as a reminder for appointments and 
n- other household jobs, too! By moving the 
lever to the short-time position, the user 


-, can obtain settings within seconds for 
m- boiling eggs, pressure cooking . . . pre- 
to cise timing for all short time jobs up to 
in SIX MINUTES, where even fractions of 
: @ minute are important. 
i. At the end of the pre-set time period, 
in either long or short range, this timer 
al gives a clear, resonant bell signal. 
ed Available with a wide variety of 
W. modern dials and knobs, also in 2-hour, 
ce 12-minute range. 


to Write today for full details and prices. 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 


Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St., Ottawa, Ontario, Canada 
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walls that more interior space is 
available for electronic components 
and personnel in military lightweight 
trailers. To achieve an equivalent 
thickness and strength using con- 
ventional structure would require a 
more complicated multiplicity of 
framing. 


5. SOUND DEADENING QUALITY. Con- 
ventional trailer wall structure leaves 
the outer surface sheets free to vi- 
brate sufficiently in transit to am- 
plify ground noise. Trailers using 
honeycomb panels are not only quiet 
inside in emplacement but are prov- 
ing quiet in transit, even while un- 
dergoing tests on the Army Ordnance 
Belgian Block road at Aberdeen 
Proving Grounds, Maryland. 


6. COST OF MATERIALS. Unit cost of 
materials when using honeycomb 
panel construction can be expected 
to be at least equal to and probably 
less than conventional frame con- 
struction, assuming equivalent physi- 
cal characteristics are obtained by 
good insulation and appearance. The 
fact that a lesser weight and gauge 
of strong sheet material is required 
with honeycomb panel construction 
is the key to this saving. 


7. ABILITY TO SEAL. Where tropi- 
cal storm, flotation and stream ford- 
ing requirements call for tight seal- 
ing of structural seams, honeycomb 
panel construction surpasses conven- 
tional frame construction because 
fewer rivets, bolts and seams are 
required to be sealed. 


8. DURABILITY AND EASE OF REPAIR. 
When conventional sheet metal and 
frame construction is damaged in the 
field by collision or flying fragments, 
it is expected that the sheet and 
frame materials will become dented, 
twisted and bent. Honeycomb panel 
construction is probably no more re- 
sistant to such damage, but when it 
does occur the surface materials re- 
main straight and supported at the 
edges so that a repair may be made 
on the flat surface by simple flat 
patches using sheet metal screws or 
blind rivets. 

9. INTERIOR AND EXTERIOR NEAT- 
NESS. Honeycomb panel construction 
with sheet metal surfaces, on a mili- 
tary lightweight van trailer body, 
provides a smooth wrinkle-free solid 
feel and appearance to both interior 
and exterior surfaces. This surface 
should take and hold paint without 
checking over long periods, not only 
because very uniform surface tem- 
peratures prevail, but also since the 
skin does not wrinkle. 

10. EASE OF ASSEMBLY. With honey- 
comb panel construction, each panel 




























~ You may have heard 
' about a highly suc- 
_ cessful solid-film lu- 
bricant which is giv- 
ingremarkable results 
in the shop and in 
the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
| case-histories de- 
f scribing how difficult 
3 lubrication problems 

have been overcome 

by molybdenum sul- 
1. fide. If you wish to be 
up to date about this 
solid-film lubricant, 
write for a free copy 
now. 





THE LUBRICANT OF MANY USES 


Moly-sultide 


A LITTLE DOES A LOT 


Climax Molybdenum Company 
500 Fifth Avenue 
Mew York City - 36-N-Y- 












SEND FOR THIS FREE 
BOOKLET TODAY 
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in 7 basic types 


tion...promptly. 


Git 


FLECTRA 


FULL POWER IN HALF THE WEIGHT 


ELECTRA, a newcomer only 5 years ago, 


tough competition. Its steady growth—a mat- 
ter of record — is proof that ELECTRA wins — 
the buyer’s decision wherever genuine qual- ~~ 


combined with light weight are required. ©] 
That’s why ELECTRA-MOTORS and ELECTRA- _ 
GEARMOTORS have frames of heat-treated [i 
alloy aluminum—stronger and better than 
ordinary castings—lighter than iron and steel. 


MOTORS have had years of experience in 
motor production plus a demonstrated abil- | 
ity to design units to meet special require- 
ments and unusual applications. As a result, 
ELECTRA offers many exclusive advantages 


from % HP through 5 HP, speeds from 1 
rpm up. Special problems get special atten- s 





id 





defended its title against 





performance and long life 


men who build ELECTRA- 








of motors and gearmotors, 


REPRESENTATIVES IN PRINCIPAL CITIES 
NATION-WIDE DISTRIBUTION AND SERVICE 


ELECTRA MOTORS, INC. 


ANAHEIM, CALIFORNIA 


“HE 
B LUGHTWEIGHT 
| __CHAMPIONS” 


DISTINCTIVE 


in appearance, 


ELECTRA-MOTORS 
streamlined design is 
abreast of modern 
trends. Their 
heat-treated alloy 
aluminum frames 
can be polished, 
if desired. 


recommendations. 


WRITE FOR ENGINEERING 

DATA on ELECTRA-MOTORS 
and ELECTRA-GEARMOTORS, 
or tell us your requirements 
and we'll submit our 


~ 
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is an individually sealed and con. 
plete component of subassembly, 
Conventional frame _ construction, 
| therefore, will usually take longer 
| in final assembly, a time when space 
and production line time is aor 
costly. Honeycomb panel construction 
is also particularly suitable to use 
in trailer design where a portion or 
all of the structures must be knocked 
down for transportation in relatively 








smaller pieces such as is the case 
with the universally used GCA van 
railers originally developed for the 
U. S. Air Force. 


This type of trailer construction 
is not completely new, as trailers 
incorporating honeycomb core pan. 
el design have been recently de- 
veloped and are being produced in 
increasing quantity. Other de. 
signs incorporating honeycomb 
core panels are also in production 
—doors, interior partitions, and 
various guided missile, target- 
drone and airplane components 
such as fins, partitions and floors. 
Arctic hut designs incorporating 
honeycomb core panel construction 
appear to be especially promising, 
and service experience is being ac- 
cumulated rapidly. 





Test Data Available 


Honeycomb core panels, more- 
over, are now a recognized type of 
construction. In airframe com- 
panies, where much of the devel- 
opment work was accomplished, 4 
considerable amount of test data 
has been accumulated, ANC docu- 
ments have been written covering 
the material, design and servicing 
of this type of construction. 

But it is of some concern t0 
those who have been instrumental 
in introducing these light strong 
structures into military lightweight 
trailers and other airborne equip- 
ment, that in some of the future 
applications there is the possibility 
that honeycomb core will be mis- 
used, either in design or in fabri- 
cation. There are many special de 
sign and fabrication problems 
which must be considered. I: ex 
treme cases, failure to consider 
them may result in impractica! de 
signs or unsatisfactory products. 
Those in industry who are com 
fident in the future advantages i? 











MACHINE DpBSIGN—October 195? 



















































Pe 













Com- 
mbly 
> <ion, 
niger 
ace 


Only Pesco 
= hydraulic pumps | 
: offer 


cked 
ively 


: “pressure loading” 


tion 
ilers 
pan. 
de- Pressure loading is the exclusive, patented design principle for 










= gear-type hydraulic pumps, which, because it automati- 
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cally compensates for wear, assures maximum efficiencies 
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under all operating conditions, over a long, 






trouble-free service life. For the complete 
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developments of honeycomb con. 
| structions should continue their ef- 
ACCE SSORIES | forts for the proper use and han. 
| dling of these lightweight core ma. 
terials. 
for the “fl NN” Series | From a paper entitled “Use of 
| Honeycomb Panel Construction in 
Military Lightweight Trailers,” 
presented at the Spring Meeting of 


the ASME in Seattle, Wash., March 
1952. 











Nuclear Power 
Production 









By J. F. Flagg and M. J. Gross 


Technical Department 
Knolls Atomic Power Laboratory 
General Electric Co. 
Schenectady, N. Y. 
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NUCLEAR fission is a particu- 
larly violent type of nuclear 
| reaction produced in the heavier 
elements by bombardment, usually 
with neutrons. In this reaction the 
element in question is split into 
fragments of lower atomic num- 
ber. The total mass of the frag- 
ments almost equals that of the 
| original element. The small differ- 
| ence in mass shows up in the form 
of radiation, kinetic energy, and 
eventually heat. 

Of the isotopes found in nature 
in substantial amounts, uranium 
235 (U-235) is unique with re- 
spect to fission. An atom of this 
isotope, under favorable conditions, 
not only divides but also liberates 
enough new neutrons to support 
a continuing chain reaction of fis- 
sion with other U-235 atoms. This 
chain reaction is the key to the 
release of atomic energy. 

The energy release from fission 
of an atom of U-235 amounts to 
nearly 200 million electron-volts. 
This results from the conversion 
of mass to energy in accordance 
with the Einstein mass-energy 
equivalence law. 

It takes approximately 3.1 * 

| 10!° fissions to release an encrgy 
equivalent to 1 watt-second. Stat- 











































Here is the answer to a frequent question we 
receive from people everywhere. Yes, Cannon 
does make a complete line of accessories to be 
used in conjunction with the AN Series of con- 
nectors. Complete engineering data on each of 
these is given in the Cannon AN Bulletin, avail- 






















able on request. 







| ed in more familiar terms, the com- 
| plete fission of 1 gram of U-235 







CANNON ELECTRIC 
releases 24,000 kw-hr. The com!ius- 


Since 1915 
tion of 3.3 tons of coal would be 


Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Rep- | required to produce the same 
resentatives in principal cities. Address inquiries to Cannon Electric 

Company, Dept. J-185,P. O. Box 75, Lincoln Heights Station, Los amount of energy. 

Angeles 31, California, Although electrical terms have 
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Woe Cone-Drive Gears 
for You/ 


“| Here are the reasons why... 


er 
ly 


. 1. Lower Cost ec ccces ASilittle as “rd the cost of special gear sets 


and speed reducers. 


SS 





Your order may be shipped from stock in as 


: , J Faster Delivery e © ee eg Jittle as 24 hours! Practically any size and 
ratio shipped within one week. 


Cone-Drive gear sets of different ratios are 


€ 3. Interchangeability " now interchangeable in the same housing 


n as long as center distances are the same. 


Use of standardized parts throughout means 
simple, quick and low cost replacement when 
required. 


4, Ready Replacement 





—_ ‘ In Cone-Drive double enveloping gears there are no circular or 

Why all this is possible » e e Giametral pitch limitations to consider. This vital design feature 

has now permitted STANDARDIZATION of right angle reduction 

gearing, made possible mass-production of gear and worm blanks, 
and simplified and speeded manufacture and assembly. 








J, When you specify Cone-Drive double enveloping gears, you can 
And don t forget * eee ° ¢ © use much smaller gear sets to-carry a given load; you can save space 
and weight; and you get unparalleled smoothness. You get all of 
these simply because Cone-Drive Gears have (1) a greater con- 
tact area per tooth and (2) more teeth in contact. 


What to do © © 0 0 © © © ee & Write, phone or wire today for Catalog No. 700—or better yet. 
ask for specifications of the STANDARD Cone-Drive gear set 
most nearly meeting your power and ratio requirements. They 
are available in ratings from fractional to hundreds of horse- 


power and in ratios from 5/1 to 70/1. 
ios GEARS. : 


7171 E. McNichols Read ¢ Detroit 12, Michigan 


























DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
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VELVAGLAZE STORY 


296 


VELVAGLAZE 


pHILCO : 
BUILT-IN JIFFY GRIDDLE - 


VAGLAZED 
ONARCH VEL 
S ERMANENT MOLD CASTING 


UNDER GRILLING USE 





Cooking surfaces have greater sales appeal when 


finished with Velvaglaze. 


The hard, dense Velvaglaze 


finish resists staining from continued cooking action 


and frequent cleaning. 


Velvaglaze is exclusively available on Monarch alu- 
minum Permanent Mold and aluminum Diecastings. 


It is one of the complete 


range of finishing methods 


available on Monarch castings. Velvaglaze cuts fin- 
ishing costs and improves product quality. 








WRITE FOR THE 


“GOOD NEWS” 


It could provide the answers te 
many of your finishing problems. 


Detroit Ave. 


Aluminum Permanent Mold 


Aluminum Die Castings 


. 
. 
@ Certified Zinc Die Castings 
e Complete Product Assembly 
. 


Every Modern Finishing Service 
y ] 


at W. 93rd St., Cleveland 2, Ohio 
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been used for comparison because 
of their familiarity, the energy re- 
ferred to appears primarily in the 
form of heat; it cannot, of course, 
be converted to electrical energy 
without appreciable loss. Further. 
more, a portion of the energy is 
completely lost, for all practical 
purposes, because it is in the form 
of neutrons and radiation which 
are dissipated over a considerable 
amount of space. 

As far as we know today, the 
only practical way of converting 
fission energy into electricity is 
through the intermediate steps of 
heat and mechanical energy, and 
the use of a_turbine-generator. 
Thus, the fission chain reaction be- 
comes merely another way of get- 
ting heat, and in that case the nu- 
clear reactor is simply a substitute 
for the firebox and boiler of a con- 
ventional power plant. 


Reactor Characteristics 


The reactor may be character- 
ized as a very special assembly 
of (1) nuclear fuel, (2) moderat- 
ing material to control the energy 
of the neutrons given off, (3) heat- 
transfer media to remove the heat, 
(4) shielding to confine the in- 
tense radiation, and (5) means to 
control the rate of fission. 

The efficiency with which heat 
taken from the reactor can be con- 
verted into useful energy depends 
upon its temperature, in accord- 
ance with the well-known laws of 
thermodynamics. The higher the 
temperature, the more efficient the 
possible conversion into mechan- 
ical and electrical energy. (In 4 
modern steam-turbine power plant 
using a temperature of 1050 F, 
net efficiencies of the order of 36 
per cent are obtained.) 

Much has been written of 4 
speculative nature about the econo- 
mics of nuclear power, but it nec- 
essarily has been based on very 
nebulous information. Many more 
years of work may be required 
before the economic aspects are 
clear. For some years to come nu- 
clear fission is certain to be an ex- 
pensive source of electrical power 
which will not compete with con- 
ventional fuel—except in certain 
specialized field where advantage 
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Dozens of 


DIAMOND CHAIN 


Applications 9" 


hines 


. Pneumatic P 


Closure and 





wrapping Mac 


@ High speed automatic packaging equip- 
ment makes possible the economical and safe 
distribution of many products from source to 
ultimate user. 

It is significant that on the finest types of 
specialized equipment of this kind made during 
the past half century, Diamond Roller Chains 
have been selected for constantly increasing 
numbers of applications. 

Their precision and long-life dependability 
help materially in assuring trouble-free operat- 


 DIAMON 
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T For added protection 
this Pneumatic Scale Corp., Ltd. 
automatic machine applies a glue-tight wrapping. 


ing performance. Their flexibility of applica- 
tion helps simplify the machinery design. The 
cooperation of the Diamond Engineering Staff 
is available at all times. z 


DIAMOND CHAIN COMPANY, inc. 
Dept. 435, 402 Kentucky Avenue, 
Indianapolis 7, Indiana 


Offices and Distributors in All Principal Cities 


OLLER 









Lis 


TYPE 6475 


0 


TYPE 6695 





fi. 


TYPE 6465 






sansa 





fi. 


TYPE 6690 


insures the reliability of your equipment. 


Miniature air-damped Barrymounts were developed specif- 
ically to help you with your miniaturization projects. They 
give you these advantages: 

1. Less space — reduced height cuts cubage of mounted 
equipment. 

2. Less weight — only 5/16 ounce per unit isolator. 

3. Wide load range — 0.1 to 3.0 pounds per isolator. 

4. Satisfy temperature (—67 to +170F), vibration, and 
other performance requirements of JAN-C-172A — 
special models available for extreme high or low 
temperatures. 

5. Ruggedized models — available for equipment that 
must meet shock-test requirements of AN-E-19, MIL- 
E-5272, and MIL-T-5422. 

6. Four styles — available as unit isolators or assembled 
with mounting bases built to your needs. 


For complete information, ask 
for Barry Catalog 523-A; it’s 
free on request. And for greatest 
benefits with miniature Barry- 
mounts, let our Field Engineer- 
ing Service share our experience 
with you in the early stages of 
your designs. 


~ BARRY oo. 


722 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 


j Sere Ceteape rere “Pee Boyton Hee te Angeline Mianwopolis New York, Philedelphio 
j Pecelt Resteiter 1 Leow Yes Pronchen | Seottts 


Toronto Weshington 
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may be taken of its unusual prop. 
erties. This is not intended to he 
discouraging; on the contrary, nu. 
clear fuel may, before too long 
contribute greatly to progress in 
those specialized fields. 

Even the cost of fissionable ma. 
terial is hard to determine accur. 
ately, because of the military con. 
ditions under which the plants 
have been built for its production. 
Whatever this material cost, it is 
only a part of the total cost of nu- 
clear power. The overall figure must 
include the operating and fixe 
costs of (1) the fuel fabrication, 
(2) the nuclear reactor and associ- 
| ated heat-transfer system, (3) the 
turbine and electric generating 
equipment, and (4) the chemical 
reprocessing of the fuel. Compared 
with the costs of plant facilities 
for the conversion of ordinary 
fuels, estimates of these costs 
range considerably higher today. 















Nuclear Fuel 





The unusual properties of nu 
clear fuel that may be valuable 
in special fields include: (1) a 
extremely high energy potential 
per unit of mass, (2) the release 
of this energy without consuming 
oxygen as with other fuels, and 
(3) a potential ability to produce 
simultaneously both energy of com: 
| mercial value and secondary fuel 
of military value. The first proper: 
ty is of great interest for ship pro- 
pulsion, where the weight of con- 
ventional fuel is a limiting factor 
in cruising range. For the same 
reason, nuclear fuel is being give? 
serious consideration for airplane 
propulsion. In this case, the re 
actor must operate at an evel 
higher temperature than for ship 
propulsion and must not requirt 
excessively heavy radiation shield- 
ing. For submarine propulsion the 
release of energy without oxygel 
consumption is an added adval- 
| tage. The Atomic Energy Commis 
| sion has announced that work is 
| in progress on two nuclear powe! 
| plants for this special applica‘ ion. 
| 
| 

























The potential ability of nucleal 
fuel to produce power and set 
ondary fuel simultaneously 1a) 
offer the best opportunity for the 
initial economic and large-scale 
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generation of electricity. It is in- 
teresting to note that the Atomic 
Energy Commission last year 
signed agreements with four in- 
dustrial groups for studies of the 
possibility of private industry’s 
building and operating reactors 
which are intended for this dual 
purpose. 

It is probable that the reactors 
for large-scale generation of elec- 
tricity will be built in locations 
that would preclude the possibility 
of endangering populated areas 
through malfunction or sabotage. 
If so, this would be only a tem- 
porary limitation, until more ex- 
perience is obtained with the new 
hazards involved. Eventually, there 
is no reason to believe that such 
reactors cannot be made safe 
enough for operation anywhere. 

The development of nuclear pow- 
er has been in progress for about 
five years—and on a rather inten- 
sive basis, by industrial standards. 
It has benefitted, of course, from 
the great effort directed toward 
military ends. The fact that as yet 
no significant electric power has 
been produced is an indication of 
the magnitude of the scientific and 
technological problems _ involved. 
Progress is being made, however, 
and before too long nuclear power 
plants should be a reality. At first 
they will be expensive and of spe- 
cialized value only, but as time 
goes on they undoubtedly will find 
an increasingly valuable place in 
our power economy. 

From an article entitled “Nu- 
clear Fuel for Power Production,” 
appearing in the General Electric 
Review for March 1952. 


Plastic Prototypes Aid 
Design Evaluation 


By Wallace A. Stanley 


Manufacturing Engineering Staff 
Ford Motor Co. 
Detroit, Mich. 


ODELS have been widely 

utilized for development of 
both product designs and manu- 
facturing processes because they 
are an efficient and often neces- 
Sary medium to achieve innova- 
tions of design. They clearly show 
how to improve both function of 
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TA 


Take advantage of | 
$.S.White’s flexible 
shaft engineering service 


OO BB ae ge 


oo 


Today, particularly, you want the answers to your 
design problems as fast as you can get them. If it’s 
a power drive or remote control problem you don’t 
have to spend time wondering whether a flexible 
shaft will do the job—or working out the problem 


on your own. 


You can get the right answer—and save valuable 
time besides—simply by putting the problem up to 
us. Remember, we have been solving flexible shaft 
problems of all kinds for a great many years, and it 
would be a very unusual case if we could not give 
you the answer right away. 


You can write us about your problem, or we'll be 
glad to send a qualified engineer to discuss it with 
you. Either way, you can’t lose because there’s no 
cost or obligation for this service. 


FLEXIBLE SHAFT FACTS FOR YOU! 





This 256-page flexible shaft bhand- 
book has up-to-date, authoritative 
information on flexible shaft selec- 
tion and application. Copy sent free 

if you write for it on your 
business letterhead. 






br 
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nce anitins DIVISION 


Dept. 4, 10 East 40th St. 





DENTAL MFG. CO. 
—y—_ NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 
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WHY IS IT THAT 75% OF ALL SPECIAL SOCKET SCREWS 
ORDERED FROM SPS HAVE ODD THREAD LENGTHS ? 


75% of all screws classified by SPS as specials have 
odd thread lengths, probably because of widespread 
unfamiliarity with thread formulas. 

















In many cases, standard UNBRAKO Socket Screws 
can be substituted. They will save you time and 
money. They are available from the stocks of your 
local distributor. Ask him or write us for your copy 
of UNBRAKO Standards. STANDARD PRESSED STEEL 
Co., Jenkintown 18, Pennsylvania. 


What Are the Standard Thread Lengths ? 


The authority for the thread formulas used by SPS and 
other threaded fastener manufacturers is Handbook H28, 
Screw Thread Standards for Federal Services, National 
Bureau of Standards. It reads: 


The length of the screw thread is measured from the extreme 
point to the last usable thread and shall be as follows: 













= . _. 2D + %”’ (where this length of thread would be 
American National = greater than haif the screw length). 
: Thread Series Z= Yl. twhere iis length of thread would be greater 

















JENKINTOWN PENNSYLVANIA 


el. 


Knurled Head Self-Locking FlatHead Shoulder Dowel 
Cap Screw Set Screw Cap Screw Screw Pin 





f= 1%D + %” (where this length of thread would be 
“— greater than three-eighths the screw length). 


Z= %L (where this length of thread would be greater 
—™ than 1%D + ’”) 


American National 






t Thread Series 


















eee 


Screws too short to allow application of these formulas 
shall be threaded as close to the head as practicable. 
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Dimensional gages are special- 
ized tools: their design and con- 
struction requires the knowledge 
and experience of specialists. Tell 
us your gaging problem. Perhaps 
one of the 25,000 gage designs in 
our files will answer your needs or 
can be adapted to meet your re- 
quirements, Not only does our vast 
fund of gaging information save 
development time but it probably 
can provide you with the right 
gage at less cost than creating a 
wholly new gage. 

Our engineers are accustomed to 
working with product designers 
and will gladly cooperate with you 
on your dimensional gaging re- 
quirements. For the right answer, 
quickly and confidentially, bring 
your special gaging problem to 
Federal and take advantage of our 
long experience in designing and 
building dimensional gages. Send 
full details and blueprints to 
Federal Products Corporation, 
3010 Eddy Street, Providence 1, 
Rhode Island. 


Dial Indicators for every gaging require- 
ment—over 80 different models, ranges, 
sizes, graduations, styles. 


Simultaneously checks the depth of three 
bosses flange face of gear housing 


Checks height of two shoulders and 
depth of one groove of fuse body. 


Concentricity of the center hole diam- 
eter, the inside diameter, 
depths, an outside diameter — with the 


Design Abstracts 





the product and efficiency of may 
ufacture. There is often a suh 
stantial reduction of costs in the 
final product because so many fae 
tors are brought out clearly far ig 
advance. 

The logical combination of mod 
els as a medium and plastics as : 
material has been employed fo 
some time for exhibitions, dis. 
plays, sales campaigns, training 
classes, and occasionally for engi- 
neering purposes. However, for 
some reason, plastic models have 
not been used nearly as extensive- 
ly as they could be as a develop- 
ment medium or as a means of 
working out design problems 
harassing both engineering and 
manufacturing. 


Plastics Save Time 


The primary reason for using 
plastics to produce prototype study 
models is the saving of time. Parts 
can be obtained in a matter of a 
few hours or days instead of the 
usual weeks required to make 
metal parts. In one single opera- 
tion, plastic parts can be complete- 
ly formed either by pressure or 
vacuum, after the plastic has been 
prepared and placed properly in or 
over the mold. As an example, 
plastic parts prototyping deep- 
draw stampings can be made in 
one operation whereas their coun- 
terparts in steel would have to be 
made by many operations. Back 
drafts and difficult drawing areas 
are of little concern to the plasti¢ 
technician because he can com- 
pensate for these difficulties in 
making the mold and selecting the 
proper forming techniques. 

The cost of making plastic proto- 
type parts is negligible compared 
to making parts of metal by the 
conventional fabricating method. 
Further, when parts are hand 
made in metal, each duplicate part 
requires the same amount of work 
and time as the first part. How 
ever, in making plastic prototypes, 
after a form is once made, any 
number of duplicates can be made 
readily in a matter of only minutes 
and without further hand work 
except trimming. These plastic 
prototypes can be made to dupli- 
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The FIRST successful one- 
piece Jet Battery Case 


Strong, light (just 8% Ib.) 
Molded by ‘‘single-shot’ 
injection on giant 300-0z 
presses. Non-corrosive 

Tale me lat-bac-1eid-1e Mm o)\A-1(-1e01-16) 6 
Extreme toughness takes 
abuse. 





Inside door panel 
for Refrigerators 


Ol al-me) mm aal-m eli2424-1-31 
(31” x 48”) mold- 
ings ever produced 
anywhere! No 
aaleli-}aela-melb-icelaelels 
Extreme dimen 
sional stability 

PN ite) s-mehi meh mmaalela-) 
ole] ah del] a-wam @le) le) 
molded in, stays in! 


Rich-appearing 
Air Conditioning Cabinets 


Plenty of customer appeal in 
these expensive looking 
cabinets. Compression 
cale}iel-1emelmelal-taleliiomia 

one piece on 2000-ton 
presses. Excellent stability. 








These three moldings are typical of the completeness of General 
American’s facilities. Creative engineering—correct material selection 
—precision molding—painting and packing. General American’s Plastics 


Division is your answer to single-responsibility, high quality 
molding. Write for descriptive brochure. 







PLASTICS DIVISION 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street, Chicago 90, Illinois 
New York 17: 10 East 49th Street 
Detroit 2: 2842 West Grand Boulevard 





more men and machines to produce 
YOUR products of plastics better... 





Lo ROE N A SGA LLL NE TE ANE ETE NIT AA ON NAMIC ROE aN EN RE RN 












‘Joe, who can make 
these small parts 
to our close ‘specs’ 2” 


"Torrington can, Tom. 
They have the 
experience and 
equipment to main- 
tain precision 
tolerances on any 
quantity of small 
metal parts.” 





Small precision parts often take more 
production time than can be spared. 
That’s why many leading manufactur- 
ers have turned over their parts prob- 
lems to Torrington. Using the latest 
automatic and semi-automatic equip- 
ment, our Specialty Department pro- 
duces hundreds of thousands of parts 
every day to the exacting specifications 
of hundreds of customers. These com- 
panies—some of them Torrington cus- 
tomers for over 40 years—have learned 
that they save both time and money 
when their small metal components are 
made by Torrington. 











Why not send us a blueprint or sample 
of your small parts? We will quickly 
tell you how little it costs to have uni- 
formly accurate components. 









Typical Torrington -Made Parts 







tl 









THE TORRINGTON COMPANY 









Specialty Department 
553 Field Street * Torrington, Conn. 
Makers of 
TORRI NEEDLE , NGS 








| sheets, in thicknesses of from less 


contrast between different parts, 


Design Abstracts 





| 
| 
| 


| cate almost any part, whether it is | 


|a stamping, die casting, iron or 
| steel casting, forging, rubber part, 
| or whether such parts make up 
'units like frames, engines, bodies, 
_ axles, transmissions, wheels, etc. 
| Plastic prototype study parts are 
| light and easy to handle, can be 
| carried easily to meetings and con- 
| ferences where they will not 
scratch tables or cut a person in 
handling. One man can carry a 
| complete automobile side assembly 
with no effort. Plastic parts can | 
| be reworked, patched, cemented, | 
_and altered into different designs. | 
| 





They are quickly and cheaply du- 
| plicated so that copies can be sent | 
_to groups quite remote from the | 
| original engineering meetings, and 
copies can be used for original rec- 
ords in the design evolution, for | 
process engineers, material han- 
dling engineers, cost analysts and 
many others. 








Fine 


| Belgium Lace 


_ is distinguished from other lace because 


Versatile Properties 


Material developments have been 
such that prototype parts of plas- | 
tic are tough, resistant to severe | 
bumps and abrasions, shatterproof, 
waterproof, stainproof, grease- 
proof, acid resistant, and have 
many other physical, chemical and | 
electrical properties. Plastics can | 
be molded, sawed, sheared, drilled, | 
machined, sanded, sewed, cement- 
ed, polished, patched, reworked, 
metal coated, painted, plated, and 
treated in many additional ways in 
accordance with each requirement. 

The most easily used form is | 


than 0.010-inch to over 14-inch. 
These sheets are available in trans- 
parencies and in colors from a thin 
milk white to jet black through 
pastels and shades of colors which 
are quite advantageously used for | 





and to follow.a.color pattern to 
indicate interchangeability and 
other points. ‘ The sheet plastics 
are readily formed over (and into) 
low-cost molds of the individual 
parts. 

Plastics are also available in a 
liquid form, to which catalysts are 
added to solidify them into the de- 
gree of hardness wanted. Polyes- 


| it is made with a single thread con- 


tinuously worked into a beautiful delicate 


pattern. 


Universal Precision Balls are dis- 
tinguished from other balls because they 
conform to a simple pattern thru a rigid 


quality control system. 


Where high speeds, silent operation 


| and minimum torsional resistance are 
_ determining factors, Universal Balls are 
| the best balls by test. 


These are just a few sincere reasons 
why those who know precision balls best 
accept nothing less than Universal's high 
standard of quality. 


Specify Universal Balls and your bear- 
ings will become literally Methuselchs 


when it comes to long life. 


UNIVERSAL BALL C0. 


PRECISION BALLS OF CHROME 
AND STAINLESS STEEL, BRONZE 
AND SPECIAL METALS. 


WILLOW GROVE, Montgomery County, Pa. 
Telephone, Willow Grove 1200 
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take a 


CLOSER LOOK 


at 


BsW ERW Carbon Steel 





2 


. - Simplify Product Design 
€ ... Improve Appearance 
. Reduce Scrap Loss 
‘ ... Speed Fabrication 
. - Save Final Finishing Time 


. Secure Maximum Economies 


. - Obtain Higher Strength to 
Weight Ratio 






Ey 5 "me B&W ERW cubes are made on the same 
“modern mills (and by the same skilled 
craftsmen) that produce B&W welded 
pressure tubes which have for many years 
met the exacting requirements of boilers 
and other heat transfer apparatus. This 
inherent standard of excellence assures 





—— —— THE BABCOCK & WILCOX COMPANY 


you the finest welded tubing to make 
hollow structural and machined parts. 
Write for Bulletin TB 333, a thrifty little 
booklet filled with cost-saving details. Or 
call in Mr. Tubes, your B& W Tube Rep- 
resentative, to help you match tubing 
economies and production efficiency. 








TUBULAR PRODUCTS DIVISION 


General Offices & Plants 


Beaver Falls, Pa.—Seamiess Tubing; Welded Stainless Stee! Tubing 
Alliance, Ohio—Welded Carbon Steel Tubing 


ng * Denver 1, Colo. * Detroit 26, Mich. 
* © New York 16,N.Y. © Philadelphia 2, Pa. 
Cal. * Syracuse 2, N. Y. 


© St. Lovis 1, Mo. 
* Toronto, Ontario * Tulsa 3, Okla. 
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: Beaver Falls, Pa. * Boston 16, Mass. * Chicago 3, Ill. © Cleveland 14, 
* Houston 19, Texas * Los Angeles 17, 
* San Francisco 3, 

























Wins 


Smooth, Quiet Operation 


Customer Acceptance 
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BURBANK, CALIFORNIA DALLAS, TEXAS 


Building 


7310 Woodward Ave. 


Comp) 


Overy aves®™ 





233 South Third Street 1613 Tower Petroleum 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK 
280 Madison Avenue 


LORD MANUFACTURING COMPANY e ERIE, PA. 


VIBRATION CONTROL | 


1 = aS 
y 3 =f: 
ef 
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LORD Bonded-Rubber 


Mountings used in basic de- 
sign help to increase sales for 
leading appliance manufac- 
turers. Inherent Vibration and 
Shock are actually “designed 
out” of the appliance, resulting 
in smooth operation and longer 
service life. For instance, the 
famous Blackstone Automatic 
Washer does its work quietly 
and efficiently with the “spin 
dry” basket mounted on the 
Lord bonded—-rubber flexible 





mounting. This Lord bonded-rubber flexible mounting compensates 
for unbalanced loading of the “spin dryer” during the clothes-drying 
cycle. This is another of many examples in which Lord engineering 
experience and precision manufacturing technique combine to ad- 
vantage in basic design to speed up and increase end product sales in 
highly competitive markets. Consider increasing consumer preference 
for your product by using Lord vibration and shock control mountings. 


PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
72S Widener Building 238 Lafayette Street 


CHICAGO 11, ILLINOIS 
520 N. Michigan Ave. 


ERIE, PENNSYLVANIA 
1635 West 12th Street 


HEADQUARTERS |. | 
FOR get 


i 


q 
ould 
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ter and phenolic resins reinforce; 
with Fiberglas are used to make 
parts which are even stronger thay 
steel, are dimensionally stable, anj 
so accurate that they can be use 
to build checking fixtures. 
Liquid plastics are also used tue 
great advantage in making masteme 
molds and dies over which not only 
plastic parts, but steel, aluminum 
and other metal parts can be made 
These plastic dies and forms arg” 
not only extremely accurate buff” 
are tough and stable, as well ag 
durable, for a period of years. Thame 
liquid plastics are also used to casi 
and mold parts to represent proteome: 
types of castings, forgings, dig 
castings, extrusions, and sever 
other forms of materials. 


































Drafting Minimized 


Since plastic prototype models 
can be made much more quickl 
than detailed parts can be draw 
or dimensioned, it is a logical stef 
for designers to take advantage of 
plastic study models as a medium 
of development from rough layouts 
and drafts without detailing. Parts 
can be fashioned so quickly, and 
changed so easily, that an evolu 
tion into three-dimension produc 
designing can be readily achieved 
to replace the flat, laboriou 
“thinking on paper” as at preselt, 

Designers can have these plastic 

























































parts Stress-coated and subjected n 
to torsional and beam loads to de: B 
tect stress patterns from deflec- 

tions. It has been found tha f 
Stress-coated plastic parts will dis- $s 
play identical stress characteristic te 
with steel, provided they are lim h 
ited to the same degree of deflec 

tion that would be encountered lu 
with steel parts. Stress-coatiné ce 
can be useful to detect weak areas g, 
and fracture points early enous bd 


to guide the engineer in altering 
his design to obtain maximul 
stress values. 

Also, after utilizing plastic 4 
velopment models to arrive at Us 
accepted advance design, it is & 
tremely advantageous to tull 
these plastic models of the accept 
ed design over to detailers to com 
plete the engineering drawing 
This reduces drafting time consi¢ 
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THIS IS THE JOINT 


for every aircraft need 


MECHANICS makes Roller 
Bearing UNIVERSAL JOINTS 
for every aircraft need. De- 
signs, metals, machining, 
tolerances, heat treating, 
hardening, balancing and 
lubrication — all are specifi- 
cally adapted for aircraft 


service. Let MECHANICS 


universal joint engineers help 


solve your control and power 
transmission problems. Cata- 
log, containing helpful uni- 
versal joint engineering data, 
sent to engineers, upon request. 


MECHANICS 
UNIVERSAL JOINT 
DIVISION 
Borg-Warner 
2032 Harrison Ave. 
Rockford, Ill. 


ECHANICS 
Roller Bearing 
IVERSAL JOINTS 


rs «+ Trucks + Tractors + Farm Implements + Road Machinery + 


Aircraft +» Tanks * Busses and Industrial Equipment 
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SS 
builds re | THRU E erably, because the draftsmen cay 





clearly see the objects which the 
are detailing. While previously j 
| has been, of course, impractical t 
take large clay models of acceptej 
designs over to drafting boards for 
detailers to follow, it is now prae 
tical to take plastic reproduction 
over to the detailers’ boards. 

It has been our experience thaj 
both scale and full-size prototype 
are required. With a 3/8-th scak 
prototype, greater speed can be at 
tained in making the forms be 
cause it requires less material, les 
wood working, and the entire as 
semblies are easier to handle. The 
3/8-th scale models will show wy 
the same problems in design : 
full-size models, because eve 
part and assembly can be worke@, 
out so it will serve its functiogg” 
and go together as a unit of a 
assembly. The full-size models 
however, show true conditions fo 
accessibility, stamping problem 
and other factors which might bay 
misleading on a smaller scalegy 
Therefore, for convenience ang 
other reasons, 3/8-th scale (cmp 
2 | less) prototypes are used for fastel 
Somte care : po = } | overall development work of whol 
riety of precision far ay V4 | assemblies, while full-size proto 
types are used for local area stud 


timing devices, 
they are in a for tooling and processing, and fo 


position to sug- actual trials. 
gest the exact 


timer required for j es , 
your individual Preliminary Appraisals 


industrial problem. 


























Let Eagle help Preliminary preparations fo 
MULTIFLEX (Multiple Kircuit) Reset Timer . . . manufacturing, starting with tod 


speed up produc- 4 , 
: closes and opens one or more circuits during a : i 
tion and save count Gus tatewel cteted ty pech betten, ted estimates, have been customaril 
less man hours for switch, ete. made from plaster, clay or wo00 


~~ Write for . DURAFLEX Reset Timdr . . . holds circuit closed models, special mockups_ ail 
ulletin 340. for preset time — start” button is pressed. | drafts. These preliminaries 


CYL : 
circuit after an adjustable time period. usually based on general exterid 


FLEXOPULSE Repeat Gycl Timer . . . closes and appearance and the association ° 
opens a contact repestedly as long as synchro- previous cost history for the majo 
para emma a parts, plus combined experiené 


MICROFLEX Reset Cognter . . . opens or closes a - . th 
a contact after a preset number of impulses. and “know-how” to determine 


MICROFLEX Reset Tinfer . . . opens or closes a tooling differences between the ne 
circuit after an adjustpble time period. | and the old designs. Inasmuch 
POLYPULSE (Multiple pircwlt) Program Timer ‘pie | it is practical to make a few plasti 


| parts for outer appearance f 


peating series of operations. 
TIMOFLEX . . . a timeidelay relay for opening or styling uses, it is logical to gof 
. . . ’ | . 
mp edet. | | ther and show, for manufacturil 
POLYFLEX (Multiple Circuit) Reset Timer . . . review, the structural design of 4 
; ’ 


closes or opens one er more circuits during a time y _ 
interval started by pugh button, limit switch, etc. parts, subassemblies and major ®~ 


MANUFLEX Timer . .. used where a device is | semblies as they are made up ° 
turned “on” manually, runs a selected time and stampings, forgings, castings, 
stops automatically. the like 
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by eliminating need of lubrication 
for sliding and rotating parts 


When product engineers can forget all about 
lubrication, they can design products which 
are cheaper to build and less expensive to 
maintain. In many cases, Purebon, the, me- 
chanical carbon, can make lubrication un- 
necessary. 


For such applications as seal rings, bearings, 
pistons, piston rings, pump vanes, valve seats, 
meter discs and many, many similar items, 
Purebon is the ideal cost-saving material. It 
is strong, tough, readily machineable and often 
can be molded directly to size. 


Purebon is available in a wide variety of grades. 
For special applications it is possible to modify 
standard grades to provide unusual charac- 
teristics which you may desire. 


Bulletin No. 482 will show you 
how Purebon can cut your costs. 
Write for your copy today. 


PURE CARBON CO., INC. 


446HALL AVE ST. MARYS, PA. 
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ag or 
No better press fitpin fastemer Un in. uo sa 


‘ parts are being studied by may 
facturi i f an 
has ever been devised tp 
plete units can be made quickly 

° GROOV-PIN plastic prototypes showing all 
than the original major parts so a much more ; 


curate cost analysis can be mag 











aN oo With plastic models fashioned iy 
 —>aKV——EEEeew 
Snuesies mediately after layouts have beg 
The Groov-Pin is primarily a cylin- ee made, manufacturing problems «a 
drical pin cut from bar or coil stock. be considered parallel with eng 
Longitudinal grooves are rolled or pressed neering product design, instead { 
into the body to deform the stock within a : 
after models, tools, dies and f 


controlled standard limits. h 
When the Groov-Pin is forced into a tures have been completed, or evg 
drilled hole of correct diameter, the con- — parts made. It has been our e 
straining action of the hole wall causes : perience that when plastic stud 
the displaced material to flow back and : models are used in discussions 
make a locking fit within its elastic range. : | new floods of ideas are contribell 


Resiliency of the pin stock makes it . : 
practicable to use the same pin re- by both engineering and manufa 












































peatedly. - turing personnel who would né i . 


The Groov-Pin is simple in design, effi- : | ordinarily have contributed thes 
cient, economical both in price and in .* ideas until they had seen meti 
cost of application, and it is versatile in ™ parts much later on in tooling « 
its uses. This combination of advantages 4 ; 
has never been surpassed by any other production. It would be folly t 
pin fastening. It is true even though 1. Full length taper Groov-Pin. design a product which could n¢ 
Groov-Pins have been in use for over a 2. Half length taper Groov-Pin. be manufactured with either pres 
quarter-century, essentially in their pres- 3. Full length parallel Groov- ent facilities and equipment, ¢ 
ent form from the beginning. Like the Pin. ith k vend > facilities an 
common pin or nail the original design of 4. Half length reverse taper ws ; nown ve . ors . — ies 
the Groov-Pin was fundamentally per- Groov-Pin. equipment. This possibility can b 
fect. Therefore, improvement has been 8. Conter Greov-Pin. eliminated in the early desig 
ceeitiicadinee teten 3 st gaat 6. Half length taper and reverse stage by looking at plastic prot 
i illed holes. ping, - J 4 
ing, peening or milling are required. They — — i a | types with regard to known todl 
can be driven by hand hammer, air 
cylinder or hydraulic press. 














and facilities. 


Tooling Facilitated 


One of the strategic advantage 

eg — of using plastic for prototypes i 

eee Fis the ease and speed with whic 

in attaching 1 these parts can be reworked to i 

Fon aril SS, AAS), corporate suggestions and counte 
Groov-Pin as brake shaft. ia designs of manufacturing eng 
Binge pin. ne) neers. After the design is on 
il determined, and manufacturing & 

gineering (processing and tooling 

can begin, plastic prototype dupli 

cates can be easily made and sell 

to the particular activities whic 

process operations, design 10 

£ and machines, or prepare facilities 

Groev-Pin used as LA ' Thousands of hours of tool and fix 


heavy duty cotters , . . 

Yy on tim 

Groov-Pins used as lo- eon heavy chain QUT) ture design and construct! ; ail 

cating and stop pin and links. le GD can be saved by using these plas 
Deeadeien eet 


for locking apa —_= duplicates to work from. Toolil 
— = GP, ty can be done with little fear of 
stem. YW ; 
jor design changes, which by 

time should be negligible. 
Modern industry is constal 


129 Hendricks C _ searching for better materials, bet 
hens = or ter tools, better facilities, and be 











Groov-Pin used as 
cross pin in stud of 
cowling fastener. 
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P-2652A 

















P-666 


Both the QUALITY and the 





QUANTITY of a machine’s production 
largely depends on the SPINDLE. 


For trouble-free operation and 


/continuous production of accurate 


parts Specify POPE SPINDLES. 
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Promet Bars Stand Up 
Where the Going 


Made from Promet No. 6, an outstand- 
ing leaded bearing bronze noted for 


its free machining properties. Un- 
believably great resistance to heat and 
wear. Will not burn, seize, pound out. 


PROMET'S HIGH SAFETY FACTOR IS 
YOUR INSURANCE AGAINST BEARING 
FAILURE! 


Tougher, harder and stronger, it resists 
shock loads and withstands high com- 
pressive forces and will not cut, 
or stick to the shaft under ordinary 
operating conditions. There is no seiz- 
ing, no scoring—just smooth, quiet 
operation. Will not powder under the 
most severe conditions of service. When 
lubrication fails temporarily, Promet 
carries on safely until proper lubrica- 
tion can be restored, affording protec- 
tion against production shutdowns. 


PROMET FULLY MACHINED BARS SAVE 
YOU TIME, TOOLS AND MONEY! 


Completely precision machined inside, 
outside and on the ends, yet sufficient 
stock remains for the finishing cut. 
Can be machined at speeds of more 
than 500 feet per minute—more than 
double those of phosphor bronzes. This 
complete machining insures you against 
subsurface defects sometimes found in 
rough cast bars. A considerable amount 
of metal has already been removed— 
metal which you would be purchasing 
if you used rough bars. Every bar is 
absolutely concentric. 

Available round, hexagon and square, 
in 13-inch lengths, rough cast. 

MONEY-BACK GUARANTEE 


of longer, superior service and lower mainte- 
nonce cost. 

FREE ADVISORY SERVICE 
Our competent design and engineering stoff 
will be glad to assist you in solving your 
special bearing problems. Send today for 
free literature. 


THE AMERICAN CRUCIBLE PRODUCTS CoO. 
1321 Oberlin Avenue Lorain, Ohio 


Please send free literaturé on Promet 
Cored and Solid Bronze Bar Stock 
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ter ways of doing things. The wid- 


ening use of plastics as an aid to | 


designers is one of them. What is 
done with them is limited only by 
our imaginations and hard work. 


From a paper entitled “Plastic 
Prototypes Revolutionize Prepara- 
tion for Manufacture” presented at 





the SAE Summer Meeting in At- 
lantic City, N. J., June 1952. 


Electronics for the Office 
By John S. Coleman 


President 
Burroughs Adding Machine Co. 
Detroit, Mich. 


N PERFORMING their tasks, | 
electronic computers have dem- 
onstrated an inherent capacity to 
carry out several very human- | 
sounding functions. Under cer- 


| tain conditions, they could compare 


and then select. Under certain cir- 
cumstances, they could remember | 
the information gleaned from one 
calculation and use it to advantage 
in another. No one claimed that 
they were human. It was well 
known that they could perform 


_these functions only to the extent 


that their human creator had fore- 
seen all procedures and all alterna- 
tives and provided for them in 
their design. Still, it was obvious 
from the first that machines of 
such capabilities could hold mo- 
mentous implications for mankind. 


Thus it was at once apparent, 
from the nature of the problems 
they solved, that these machines 
gave promise of an even wider sig- 
nificance—a significance of which 
office application was certainly a 
part. There seemed little reason | 
why such things should not be put 
to work to solve one of the great- 
est problems created by our mod- 
ern business system—the rising 
volume and complexity of office 
work. 

The majority of electronic com- 
puters completed to date were de- 
signed, not for business use, but 
for scientific use. Improvements, 
new ideas for business adaptation 
are coming along all the time; but | 


| for all practical purposes, we are | 


| Same computer components that | 





still working with essentially the | 









GAST rotary 


air compressors 


ATOMIZE FUEL 
OIL UNIFORMLY 


for “Powermaster” 
Steam Generators 


\ 




















































Left — Gast Model 
2065 used on 100 
H.P. unit. 


PROBLEM: Select a compressor to 
supply uniform, pulseless air volume 
for atomizing fuel oil in the combus- 
tion chamber of Orr & Sembower 
“Powermaster” Boilers. 


SOLUTION: Three sizes of Gast Ro- 
tary Air Compressors proved excel- 
lent for boilers of 50, 100 and 150 
H.P. Gast Rotary Vane Design deliv- 
ers positive, pulseless pressures from 
18 to 22 psi and displacements to 22 
cfm — without a bulky pressure tank. 
RESULT: Positive air volume pulver- 
izes every droplet of fuel oil. Long, 
trouble-free performance results from 
ball-bearing compressors with auto- 
matic lubricator, intake filter, cooling 
fins and fans. 

ONCE AGAIN you can see how Gast 
Rotaries — plus concentrated experi- 
ence with air power, low vacuum and 
pressure —helped solve a_ specific 
problem. Have you considered the 
advantages of Gast Rotaries on your 
product? Write us, outlining your 
problem — you'll receive prompt co- 
operation. “Air may be your Answer! 









Gast Application Ideas 
Booklet — showing 26 
design problems solved 
— sent upon request. 














$ee@ our 
CATALOG 


sweets Piet 
PRODUC! CO MGMIRS 









Original Equipment Manufacturers 


for Over 30 Years 
LAST RS nam 
AIR MOTORS - COMPRESSORS - VACUUM PUM 


(TO THREE HP.) (10 30 185.) (To 28 tN CHES) 
GAST MANUFACTURING CORP. 107 Hinkley St., Benton Herbert, 
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CHECK THESE 
APPLICATIONS IN YOUR 
BLUEPRINTS: 
. Refueling boom assembly 
. Steering control mechanism 
. Brake system 
. Spoiler actuating mechanism 
. Fuel and oil lines 
. Adjustable sweep-back system 
. Emergency dump chute 
. Flap actuating system 
Power-plant fuel and oil lines 
Wing fold 
. De-icing system 
. Power control system 
M. Stabilizer trim 
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=== American Cueyican Panna Conapannr 


[cmb mene aA | 
AMBLER PENNA, 


Technical Service Data Sheet 
Subject: PROTECTING FRICTION SURFACES 


WITH GRANOOINE® 








INTRODUCTION 


© ewe 


Thermoil-Granodizing greatly prolongs the life 
of parts subject to friction. It protects the 
surface of products like the diesel engine liners 
shown above and the many moving parts of 
automobiles and other machines. ‘“Thermoil- 
Granodine’’ with its remarkable lubricating 
properties is particularly valuable in these 
and similar applications because of its ability 
to retain oil and maintain lubrication under 
high pressures and high velocities. This ACP 
wear-proofing chemical not only permits rapid 
break-in without scoring, scuffing and welding 
but also reduces subsequent wear on friction 
parts. 











Fabricators and product designers, particularly in the automotive field, 
are aware that even highly polished surfaces under friction weld, gall and 
score. One of the most inexpensive and practical methods of preventing 
this is to coat the metal to prevent metal-to-metal contact. With cast iron 
or steel, the “Thermoil-Granodine” manganese-iron phosphate coating 
provides a wear-resistant layer of unusual effectiveness. 


*"THERMOIL-GRANODINE” 
PROTECTS RUSBING 
PARTS 


Thermoil-Granodizing removes 
“fuzz” from ferrous metal friction 
surfaces and produces a coating of 
non-metallic, water-insoluble manga- 
nese-iron phosphate crystals which 
soak up and hold oil as bare untreated 
metal cannot do. The oiled crystalline 
“Thermoil-Granodine” coating on 
piston rings, pistons, cylinders, cylin- 
der liners, cranks, cam-shafts, gears, 
tappets, valves, spiders and other 
rubbing parts, allows safe break-in 
operation, eliminates metal-to-metal 
contact, maintains lubrication and 
reduces the danger of scuffing, scor- 
ing, welding, galling and tearing of 
the metal. The work to be protective- 
ly treated is merely Thermoil-Grano- 
dized and oiled, usually with a 
soluble oil. 


“THERMOIL-GRANODINE” MEETS THESE SPECIFICATIONS 





SPECIFICATION NUMBER 


SPECIFICATION TITLE 





MIL-C-16232 
Type I 


Coatings — phosphate; oiled, slushed, or waxed 
(for ferrous metal surfaces) and phosphate 
treating compounds. 





AN-F-20 
(See also U.S.A. 3-213) 


Finishes, for electronic equipment. 





US.A. 57-0-2C 
Type Il, Class A 


Finishes, protective, for iron and steel parts. 





U.S.A. 51-70-1 
Finish 22.02, Class A 


Painting and finishing of fire control instruments; 
general specification for 





M-364 








Navy aeronautical process specification for com- 
pound phosphate rust-proofing process. 











WRITE FOR FURTHER INFORMATION ON 
“THERMOIL-GRANODINE” AND ON YOUR OWN METAL 
PROTECTION PROBLEMS. 


CHEMICALS 


PROCESSES 
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were developed for the solution 
mathematical problems. True, 
many points the underlying priz 
ciples of both types ef work ard 
similar. But there are important 
differences, and these have given 
rise to a legion of provoking tech. 
nological problems. 


Computations Differ 


The mathematics of science and 
engineering involve a large amount 
of computation sandwiched be- 
tween short questions and _ short 
answers. So it follows that the 
electronic computer, with its rela- 
tively simple input and output 
mechanizations, and its larger, 
more complicated internal compo- 
nents, is ideally designed for this 
kind of work. 


Now, if we think of almost any 
clerical duties, it will be clear that 
the proportions are reversed. The 
figuring work incidental to a sale 
is neither lengthy nor complicated. 
It is largely a matter of simple 
arithmetic. The headaches occur, 
first in gathering from a numbe 
of sources the information on 
which the figuring depends; sec 
ondly, in entering the results on 
all the necessary records. So here 
we see that the volume and the 
complexity are concentrated in 
handling the questions and an- 
swers—not in the computations in 
between. If the electric computer 
is to be adapted to clerical use, 
therefore, the input and output 
mechanisms must be greatly am- 
plified, and the computing mech- 
anism appropriately cut down in 
size—and in cost. 


Machines Have Own Lingo 


This input-output question is 
rather a touchy one—ever if 
mathematical work. Unfortunate 
ly, none of these machines has yet 
mastered our mother tongue; they 
deal in a strange lingo of signs and 
symbols that has to be recorded 
on magnetic tape, or some similar 
medium. This requires a mechal- 
ical means of coding input ins‘ruc- 
tions and data, and decoding the 
output answers. 

While the internal components 
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his torture test 


guarantees longer life 





™~ 


Shearing test of contact points insures relay dependability 


Many relays die too young! But not Automatic Electric relays: they 
often set performance records of 200 to 400 million operations! 

To make such records possible, we do dozens of “little” 
things - like the “contact test’’ you see here. 

At Automatic Electric, contact points are resistance-welded -they 
can’t come off! ... But just to be sure, contact welds are checked 
by a shearing test. That is, the operator tries to shear off the 
contact points with a blade under heavy pressure. When contact 
points have survived this torture, you know they'll stay on 
through millions of operations! 

The shearing test is only one of dozens of Automatic Electric 
quality controls that begin with the raw material and follow 
through in every step of production. These tests give you relays 
you can frust!...Write today for literature. 


AUTOMATIC ELECTRIC SALES CORPORATION 

1033 W. Van Buren St., Chicago 7, Ill. 

In Canada: Automatic Electric (Canada) Ltd., Toronto ‘ 

Offices in principal cities. i 
RELAYS SWITCHES 


PRODUCTS OF THE INDUSTRIAL OEPARTMENT OF 


CHES iF Ay 
ose e AUTOMATIC <> ELECTRIL 
gwitcr 7 


<UL CHICAGO 


ts Bsc 
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ROLLER BEARINGS 





Rollers are located axially by direct con- 
tact with the flanges which present a con- 
tinuous surface to the ends of the rollers. 
As a result, it is impossible to have end thrust 
against the cage. 


Integral flanges support the free-floating 
cage which does not ride the rollers, but 
acts only to align them at their pitch circle. 
Flanges serve also to retain lubricant. 


PITCHLIGN is interchangeable with precision 
needle bearings. Get all the facts! 


eo? ea. 
a 





¥ 
QuTrenbigyy | 


@ BEARINGS @ 
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| do their part with incredible spe 
| the input and output processes 

| both exasperatingly slow. It’s 
| little like the old Indian definit 


| whoosh—then walk a mile.” 
| a business viewpoint, we gain litt 
| by the “whoosh.” Our proble 


| curring simultaneously, all requ 
ing, at one end, reference to a nw 





| ment of records. 









































GET THE FACTS! 


Write Today 


Ask for Bulletin SF-266 


| specialized conditions would it! 
| able to supersede human effé 














of skiing: “Climb big hill 





and our expense are centered inf 
big hill and the mile walk—a la 
volume of sales, perhaps all ¢ 







ber of different records; all requ 
ing at the other, the entering 
the transaction in another asso 










Computers Can’‘t Think 


The successful operation of @ 1, 
electronic computer depends on de 
design which provides for all pr@ au 
cedures and all alternatives. V 
must remember that it has m@ g, 
imagination, no common sense. J at 
a computer could jump, it mig pc 
easily hurdle a skyscraper, only | 
balk at a toadstool—unless it ha ¢,, 


explicit instructions for both. m: 
you cannot say, as you would tog to: 
human being, “Look—here’s tig TI 


general idea. Here are a few com lic 
crete examples. Now, use yo 
own judgment.” The electroii | 
computer has no judgment. Ti yo 
first variation from instructiong © 
however picayune, will throw 


| off. 


Now, inherent in all business : 
the necessity for random acces 
Customers will not line up in: k 
phabetical order. Their prefe 
ences, their buying habits, thei 
paying habits can never be re 
mented or completely foreseellj 
Hundreds of gnat-sized annoyance 
form part of the daily routine ° 
any business. They cannot ° 
fully anticipated. They equi 
only two things, really; « littl 
imagination, plus a little comm 
sense. 

This phase of business op rati0 
is simply not one of those whi 
lends itself to machine applicatid 
I do not say that a machine <ant 
be made to do, say 90 per vent! a 
it. It can. But only under high] ing 


in ¢ 
















MACHINE DESIGN—Octob:-r 1 Macuy 














194 


WEL ee 


POWERHOUSE ‘ 


PUNCH / 


In one michty blow, this giant 850-ton, double-action, 
deep-drawing Verson Allsteel press forms an intricate 
automobile part. 





Multiply this by seven strokes a minute, 3 shifts a 
day, seven days a week and you have a rugged oper- 
ating schedule .. . one which the Howell motors that 
power this fine press take right in stride. 


Howell engineers worked closely with this manu- 
facturer to select the right motor for each job. The 
main drive motor is a Howell 50 H.P. high slip, high 
torque motor designed specially for punch press work. 
The self-adjusting blankholder is driven by a hydrau- 
lic pump, powered by a 50 H.P. Howell motor. A 20 
H.P. Howell motor operates another hydraulic drive. 


Howell will devote the same care and attention to 
your electric motor problems and needs. With this 
cooperation and Howell quality, you’re assured of 
motors that will stand up under the heaviest produc- 
tion load over long periods without interruption. 


May we help you? 


HOWELL ELECTRIC MOTORS COMPANY 
Howell, Michigan 








Howell Type F Motor. A high slip, 
high torque motor designed for punch- 
ing and shearing operations. Sizes 1% to 
“00 H.P. in open frames; 12 to 125 H.P. 
in enclosed frames. 
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HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 


Precision-built industrial motors since 1915 
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DESIGNED 


For Reducing 











completely. And even here, the 
possibility of such a machine give 




































| 
Costs roo | _ | no assurance of its practicality, es & 
— es 6| pecially from the point of view of 
| cost. I 
| By the same token, there are g the 
| number of business operations fog PTé 
| which all factors are known in adgU 
| vance, and where the volume of 
work is very large. It is here-gthe 
once we have overcome this input the 
output problem and others of the 
The rugged design of all technological nature — that the the 
Viking pumps includes .. . speed and accuracy of electronic SiT*é 
| mechanisms could be of real valueg °° 
1. Only two moving parts. | Up to now, a severe handicap ing "4 
2. Only one packing box. | any electronic machine has been 
3. FAST, self puming, its dependence on vacuum tubesg 45 
: ae esr either viscous = 0 lap ee. See ee 
or thin Heuide. e are a great many tubes, break Me 
&. Low power requirements. downs are occurring constantly. It 7 
Lower your pumping costs. Start with pg arty nee a ae s 
bulletin 52SH. Gladly sent on request. that in one computer employing met 































several thousand tubes, there were 
six tube failures every day. elec 
Pump Com PANY In the world of science, this de-§ Sed 
fection is not too serious. If ag 2 
Cedar Falls, lowa computer were down for repairsg 40e 
90 per cent of the time, it can stillj ™@ 
be eminently worthwhile for theg ™° 
job. For in that short 10 per cent ¥4) 
of operating time, it might well 
perform work that would require 4 
number of specialists many months 
to accomplish. Where the ultimateg T 
savings are many months andj sol 
many men, it makes relatively Thi 
little difference whether a_ job of 
takes one week or two weeks. ecol 








“uy: . “ awa 

% TRANSFORMERS Time is of the Essence the 

%& SATURABLE Y ; has 

REACTORS = / Specialists in SMALL quantities This does not hold true in thf 

% ELECTRONIC /, . business world. Here, it is less 4 tion 
DEVICES of custom built transformers question of one or two all-impor- 

from milliwatts ee tant problems, but rather a flow off 1 

. — Shea comparatively minor ones in theg We 

to 50 KVA, single solution of which the time element{ Ele 

erve 


or polyphase— - ai is of vital concern. There has t0 : 
: i ity andg Yer} 
designed and be a premium on regularity a the 
| reliability. 

manufactured to : [ee |) = At «éthe research and experi-g face 
: | mentation level, efforts have bee! 
. unsparing to improve the mainte 
exact requirements, | nance phase of electronic oper § 


tion. Perhaps by replacing tem 


best meet your 


| peramental tubes with such items in 
/ la & f yf | /V ee g G C o | as transistors, or by employiné ten 
" - new magnetic principles, we ca! 


hope for a remedy. It should b Mac 
remembered, however, that a num 





1901 CLYBOURN AVENUE); * CHICAGO 14, ILLINOIS 
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tha ber of technical difficulties still lie 

givegin the path of these projects, that 
ty, es2 great deal of work remains to be 
ew ofg done. 

It is well known, I think, that 
are athe initial price of computers is at 
is fog present extremely high. That, of 
in aggcourse, is relevant only when it is 
considered with the cost of doing 
the same work by other means. In 
the great bulk of office operation, 
the basic need is not an increase in 
athe speed of the computation, de- 
sirable as this would be. The big 
Jicost item is still the time and labor 
required to handle the information 
on which computations are based. 
As long as that cost remains the 
there same, we gain little by an invest- 
reak. ment that speeds up the arithmetic 
ly, ig process. When the volume of com- 
nple, putation becomes too great to be 
yyingg 2ccomplished efficiently by other 
were methods, then the expense of an 
electronic computer may be justi- 
; de fied. In the great majority of busi- 
If ag tess concerns, this consideration 
airsg does not now apply. At the mo- 
stily ment, the clerical work can be 
the More economically handled in other 


ne oj 





cent™ Ways. 

well 

rea Future Holds Problems 
nths 


natel ~The question is not just one of 
and§ solving the technological problems. 
vely§ This we can do. It is a question 
job of finding solutions that will be 
economical for the user—and that 
is a very different matter. It 
awaits, I submit, a continuation of 
the same rate of progress that 
has provided, in so short a time, so 
many truly remarkable contribu- 
- tions in the field of science. 
_off The assertion is often made that 
theg We are living in a new era—the 
ent Electronic Age. If we add the res- 
tom vation that we are still at the 
nd Yery beginning of it, I believe that 
the assertion is true. We must 
ri-§ face the fact that years of research, 
eng 22d development, and hard work 
te-™@ ae needed before today’s vision 
ra-@ Can become, in truth, a workable 
m-@ Teality. 
ns From an address of the same 
ng title given before the First Na- 
ang tional Convention of the National 
pe Machine Accountants Association 
n-§ ™ Minneapolis, Minn., June 1952. 
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1. Metallie rod 


> YN 


so nN OW 


11. 
12. 


. Generous fillet reduces 


. “O” ring static seal. 
. T-J new flexible cushion seal 






T=-J AIR CYLINDER 


Designed with revolutionary application of 


Suapeer- Cashion 


It’s sealed with pressure—a revolutionary T-J application of flexi- 
ble sealing that insures positive cushion action combined with 
automatic valving action for fast return stroke . .. eliminates bind- 
ing and sticking . . . operates with low friction, minimum wear, and 
a added power due to higher efficiency. 


More PLUS features! New type 
s packing nut incorporates a piloted 
© diameter, —— perfect align- 
ment. Improved rod packing 
increases sealing efficiency. 
Piston rod and internal 
cylinder tube surfaces are 
hard chrome plated—a 
standard practice with T-J 
for over 15 years. ~ 


















Write for bulletin 252. The 
Tomkins - Johnsen Co., 
Jackson, Mich. 







scraper to protect 
rod bearing and 
packing from dirt 
and grit. 

Wrench flats. 
Self-adjusting chevron 
type packing. 
Permanent type adaptor 
ring. 

Hi-tensile tie rods. 
Heavy duty, hard 
chrome plated rod. 


stress concentration. 
insures positive cushion with 


automatic valve action for fast 
return stroke. (Patent applied for) 


. Fine cushion adjustment. 


Heavy wall precision honed hard chrome 
plate. 
Controlled packing compression with 


metal to metal contact. 
36 YEARS’ EXPERIENCE GJ) 
S-JOHNSON 












TOMKIN 


RIVITORS. AIR AND HYDRAI 














I 
i 
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Heli-Coil* Inserts present a new twist to screw threads. 
They armor your tapped holes with precision-formed stainless 
steel wire, and put an end to stripping and corrosion. 


This alone will be a decided advantage for your products in 
the competitive market. But there are still further basic design 
improvements and savings possible with Heli-Coil Inserts. 


Smaller...fewer...or shorter cap screws can now provide 
the necessary holding power with Heli-Coil Inserts ... even with 
short thread engagements. Cap screws can be repeatedly re- 
moved and replaced without damage to the threaded member 
when tapped threads are protected by Heli-Coil Inserts. 


Make your designs cleaner, with lighter bosses and smaller 
flanges — by the use of Heli-Coil Inserts. Eliminate heavy studs 
and bolt-and-nut assemblies by using cap screws and Heli-Coil 
Inserts. In addition, your product is permanently protected 
against thread corrosion and seizure. 


The value of Heli-Coil thread engineering to you is quickly 

verified. Take a minute now to get the latest information. It 
ing...mai day! 

costs you nothing...mail coupon today *Reg. U. S. Pat. Off. 


Conforms to all industrial and military specifications. 


I IIE OS OOS SOO OBO OBO 






















HELI-COIL CORPORATION | | 18, N. ¥,, is secretary. 

A 130 SHELTER ROCK LANE, DANBURY, CONN. t 

! (C) Please send catalog, giving full engineering specifications. i Oct. 26-28— 

. () Please send Heli-Call, a f se-hist riodical ¥ American Gear Manufacture 

eee eee ee . Association. Semiannual meeting 
to be held at the Edgewater Beach 

a meas : Hotel, Chicago, Ill. J. C. Seats 

| COMPANY ' 302 Empire Bldg., Pittsburgh 22, 

i , Pa., is executive secretary. 

I ADDRESS i 

I t Oct. 29-31— 

1 city ZONE STATE ® 1708 | | American Institute of Electrical 

base susan nee meewoaeeawe: Engineers. Fifth annual machine 





AND EXPOSITIONS 














Oct. 16-17— 

Gray Iron Founders’ Society. 
Annual meeting to be held at Hotel 
Cleveland, Cleveland, Ohio. Addi 
tional information may be obtained 
from society headquarters, Nation- 
al City Bank Bldg., Cleveland 14, 
Ohio. 




























Oct. 16-18— 

Foundry Equipment Manufactur. 
ers Association. Annual meeting 
to be held at the Greenbrier Hotel, 
White Sulphur Springs, W. Va. Ad- 
ditional information may be ob- 
tained from society headquarters, 
1213 West 3rd St., Cleveland 138 
Ohio. 


Qct. 20-24— 

American Society for Metals. 
National metal exposition and con- 
gress to be held at the Philadel-f | 
phia Convention Hall, Philadelphia,j \ 
Pa. W. H. Eisenman, 7301 Euclid 
Ave., Cleveland 3, Ohio, is national 
secretary. 








Oct. 22-24— 

Porcelain Enamel Institute. 
Twenty-first annual meeting to be 
held at the Greenbrier Hotel, White 
Sulphur Springs, W. Va. Addition- 
al information may be obtained 
from society headquarters, 1010 
Vermont Ave., Washington 5, D.C. 





Oct. 22-24— 

Society of Automotive Engi- 
neers. Transportation meeting to 
be held at the William Penn Hotel, 
Pittsburgh, Pa. John A. C. War- 
ner, 29 West 39th St., New York 












MAC 
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Clamp-Type, Reusable Coupling 
Positive Grip — Easily Applied 





(4 ...for hydraulic hose, ideal for both emergency field- 






















































(0 
wea ot repair service and original equipment application 
del- Yes, here’s a hydraulic hose coupling youcan _—_ again and again, is put on or taken off quickly. 
hia VS count on, It has a powerful grip and can be Because Anchor clamp-type couplings stay 
iclid used with one- or two-wire braid hose for on the job, outlast the hose, hydraulic sys- 
onal medium or high pressures, or fabric hose. Im- tems stay dependable, perform the way they 
pulses can’t shake it loose — yet it’s reusable were designed to perform. 

ute. Dependability isn't the only feature of this And, it’s unnecessary to strip the cover off the hose, 
» be Anchor coupling... just look at these advantages: Built to take it — clamping segments are specially 
hite . ’ ; designed to give the extra strength needed in hydraulic 
1on- Neat installation — made possible by compact service, insert stem machined from high-grade steel rod 
ned design of the Anchor clamp and the use of stream- stock, bolts are heat-treated and all parts are rust proof, 
010 lined Anchor adapter unions and related fittings, 
¢. : Saves time — you don’t have to wait for repairs 

Easy to apply — no special tools needed to attach because you can make up your hose lengths as needed. 

or detach =! just two automotive-type wrenches, Stocking problem minimized, 

= 
igi- 
to This clamp-type coupling is widely used on equip- catalog of sheets giving size tables and recommend. 
tel, ment subjected to rough going. For example, many ed working pressures. 
‘ar earthmoving and oil-field equipment manufacturers 
ork standardize on Anchor to assure maximum depend- ANCHOR COUPLING CO.. INC 
°°, + 


ability under the toughest possible conditions. This 
is the coupling for you, too — the coupling with Factory: LIBERTYVILLE, ILLINOIS 


the grip that stops complaints, Write today for Branch: DETROIT, MICHIGAN 









ANCHOR COUPLING CO., INC. 






uch Dept. MD-102, Libertyville, Illinois 
TS, I want to know more about B aeel clamp-type age that is so | 
dependable and easy to use. Please send me catalog sheets. 








Name i — 









Company. 
Company Address. | 


Assembly is quick and easy, City. ( ) State 
the grip firm and strong. No 0-8 


special tools needed. ee ee ee eee ee 
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THE COMPANY I WORK FOR 


Sitendard 


X-WASHERS 


Don’t They All?” 




























@ No, not yet, Mac. But they’re getting there. More and 
more manufacturers are finding STANDARD X-WASH- 
ERS the answer in so many applications. It’s the modern 
locking device for pins and small shafts. No more fool- 
ing around with castellated nuts, cotter pins, and lock- 
wire. No more scratches and cuts from sharp edges. 

The diagram below shows you how quickly and easily 
STANDARD X-WASHERS clinch to a positive 360° 
closure. What’s more, they can be removed just as easily 
when servicing is necessary. Reduce production time 
and costly failures with the safe and sure STANDARD 














| Oct. 29-31— 











Grooved pins available for all sizes of STANDARD 
X-WASHER® . . . parallel or headed type pins made to 
specifications. Send print for prompt quotation. 


STAN ean Locknut and Lockwasher, Inc | 










Meetings and Expositions 





tool conference to be held at the 
Hotel Ten Eyck, Albany, N. Y, 
J. M. Delfs, A.I.E.E. Machine Too! 
Sub-Committee, c/o General Elec 
tric Co., Schenectady 5, N. Y., is 
chairman. 
















American Society of Body Engi. 
neers. Seventh annual _ technical 
convention to be held at the Rack. 
ham Memorial Bldg., Detroit, Mich, 
Additional information may be ob- 
tained from society headquarters, 
100 Farnsworth Ave., Detroit 2. 
Mich. 









Oct. 30-31— 

Society of Automotive Engi- 
neers. Diesel engine meeting to 
be held at Hotel Chase, St. Louis} 
Mo. John A. C. Warner, 29 West 
39th St., New York 18, N. Y.., is 
secretary. 


Oct. 30-31— 

Metals Casting Conference. Fifth 
annual meeting to be held at Pur- 
due University, West Lafayette, 
Ind. Additional information may 
be obtained from C. T. Marek, De- 
partment of General Engineering, 
Purdue University, Lafayette, Ind. 


Oct. 30-31— 

ASME Fuels and AIME Coal Di- 
vision Joint Conference to be held 
at the Bellevue-Stratford Hotel, 
Philadelphia, Pa. Additional in- 
formation may be obtained from 
C. E. Davies, 29 West 39th St. 
New York, N. Y. 






















Nov. 6-7— 

Society of Automotive Engi- 
neers. Fuels and lubricants meet- 
ing to be held at the Mayo Hotel, 
Tulsa, Okla. John A. C. Warner, 
29 West 39th St., New York 18, 
N. Y., is secretary. 


















Nov. 29-Dec. 4— 

American Society of Mechanical 
Engineers. Annual meeting to be 
held at the Statler Hotel, New 
York, N. Y. C. E. Davies, 29 West 
39th St., New York, N. Y., is sec 
retary. 
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Here’s what we mean by SUPERIOR 
ENGINEERED FOUNDRY PRODUCTS... 





































... another example of how proper product cnt ‘ , 
development at the drawing board pays off al assem 
a 

Engi PROBLEM: 

nical 

cack: 

oak 1. This 380-pound cast steel conveyor belt pulley was 

- originally designed as a one-piece casting, making 

eat it difficult and expensive to produce. 

it 2, 


2. The one-piece casting could not be gated and 
risered in a manner to insure delivery of sound 
castings. 


3. The costly large center core could not be 


angie propesty anchored to insure dimensional sta- 
5 to ility. Also, occasional cracking of the cast- 
ouis, ing would occur during production. 


Vest 


° | SOLUTION: | J 


' FOUNDRY ENGINEERED CAST-WELD 
ifth DESIGN. Cast the pulley in two halves de- 
Pur signed to be compatible with good foundry 
tte, practice. Weld the two halves together into 
may a single unit. 





ing, 


Ind | B a3 8 see ee ye BT ck 


_|_ 1. The improved foundry procedure, made pos- 
Di- sible by casting the pulley in two halves, re- 
held quired less expensive pattern equipment and 
tel, reduced costs all down the line. 

in- 
‘om § 2 Efficient gating and risering insured consistently 
St. sound castings. 








7 (wooines DESIGN 

: «ee two halves welded 

3. Elimination of the large center core greatly im- together here, forming 
proved dimensional stability of the casting and @ single unit. 
eliminated the possibility of the casting cracking 

igi- during production. 


tel, TOTAL COST OF PART REDUCED 13.6% 


‘ advantages like these! Consult and the foundry, regardless of size of , 
18, our PRODUCT DEVELOPMENT SECTION regard- Make your parts Superior Engineered Foundry 


problem while it's still on the drawi products ... steel castings to 30,000 pounds... 
Seek, Auscbubbon, auuteed Gadien banstiee Oo Stledhte Wen outings te 900 uaa 


g 
~< 
g 


Let our Product Development Section help you use critical materials to best advantage. 


SUPERIOR STEEL AND MALLEABLE CASTINGS CO. 


BENTON HARBOR. MICHIGAN, U.S.A. 
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Review of 
Surface Finish Literature 


By John W. Sawyer 


Bureau of Ships 
Department of the Navy 


OLLOWING is a continuation 

of the article “Review of Sur- 
face Finish Literature” which be- 
gan in the September issue of Ma- 
chine Design, Page 147. This 
month brief abstracts of articles 
published in 1945, 1946 and 1947 
are presented; last month the 
years from 1948-1951 were covered. 
The November issue will contain a 
cross-reference subject index of 
the abstracts. 


1947 


1-47. ‘‘Control and Measurement of Surface 
Finishes’’—J. A. Broadston; Steel, v. 120, n. 
2, January 13, 1947, pp. 82-83, 116, 118, 121. 
See also Iron Age, v. 159, n. 12, March 20, 
1947, pp. 51-55 and American Machinist v. 91, 
n. 8, April 10, 1947, pp. 102-103. Recommend- 
ed principles and procedures regarding selec- 
tion and utilization of existing instrumentation 
in controlling surface quality of products 
whose performance depends upon proper sur- 
face finish, and for future improvement of 
surface finish measurement instrumentation; 
emphasis on present need for universal refer- 
ence standard for finishes to control surface 
quality of machined parts on production line. 
(EI) 


2-47. ‘‘Structure des Surfaces Polies’’— 
H. Raether; Metaux et Corrosion, v. 22, n. 
257, January 1947, pp. 2-17. Structure of 


mechanically or electrolytically polished sur- 
faces; review of different methods of surface 
examination. It is shown how, by means of 
electrons, fine structure of surfaces can be 
penetrated, and that combined use of electron 
diffraction and electron microscope is impor- 
tant contribution to study of surface struc- 
ture. (EI) 


3-47. ‘‘The Structure and Appearance of 
Metal Surfaces’’—J. H. Nelson; Metal Treat- 
ment, v. 13, Winter 1946-1947, pp. 279-285. 
Effect of surface defects of various magnitudes 
on the surface appearance of metallic objects. 


Particular attention to the process of ‘‘super- 
finishing’’. (ASM) 
4-47. ‘‘Evaluates Finishes’’—Steel, v. 120, 


March 17, 1947, p. 112. Evaluation of surface 
finish or roughness is obtained by a new Na- 
tional Bureau of Standards method in which 
a carefully prepared plastic replica of the sur- 
face is analyzed by photoelectric means. Rep- 
lica is produced by applying a suitable solvent 
to the test surface and pressing on a strip of 
clean plastic film. When dry, the film is 
readily stripped from the surface. (ASM) 


5-47. ‘‘Practical Aspects of Surface Finish 
Measurement Instrumentation’’ — James A. 
Broadston; Iron Age, v. 159, March 20, 1947, 
pp. 51-56. Practical application of suface fin- 
ish control. Development of finish control and 
instruments available for measuring surface 
finish in the plant. Effectiveness, costs and 
methods of using various types of finish con- 
trol devices. (EI) 


6-47. ‘‘Requirements in Surface Finish’’— 
D. McConnell; Journal and Proceedings of the 
Institute of Mechanical Engineers, v. 153, 1945 
(War Emergency Issue No. 10), pp. 341-342; 
Same, Engineering, v. 159, March 23, 1945, 
p. 238. (IAI) 


7-47. ‘‘Superfinishing Methods and Applica- 
tions, Part I’’°—E. L. Hemingway; Machinery, 
v. 53, March 1947, pp. 154-158, 174. Details 
of the superfinishing process and methods of 
applying it to flat and cylindrical parts. (ASM) 


8-47. ‘‘Surface Roughness, Waviness, and 
Lay, Part I’’—American Standards Associa- 
tion; American Standard B46.1-1947, 7 pages. 





NO BURN OUTS in thin 
sheets. Engineered projections 
prevent. 


NO RETAPPING. Shank 
protects threads from weld spat- 
ter. 


NO PILOTS or costly special 


electrodes. 


NO INDEXING. Round, com- 
pact shape eliminates orienta- 
tion. Permits use on narrower 
flanges. Self Locating. 


YES. PEM WELD FASTENERS 
will do a better fastening job at 
lower cost, wherever load carry- 
ing threads are required in thin 
metals that may be welded.Write 
for literature and samples for 
trial. Penn Engineering & Manu- 
facturing Corp., Doylestown, Pa. 
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Surface Finish 





Sponsors: Society of Automotive Engineers and 
American Society of Mechanical Engineers. 
Standard is concerned with geometrical irregu- 
larities of surfaces of solid materials; definite 
classifications established for various degree 
of roughness and waviness, and for several 
varieties of lay; set of symbols provided for 
use on drawings, and in specifications, reports, 
ete. (EI) 


9-47. ‘‘Effect of Surface Finish on Fatigue 
Limit of Mild Steel’’—J. S. Caswell; Product 
Engineering, v. 18, March 1947, p. 152. In- 
vestigations on the effect of surface scratches 
in the direction of and transverse to the prin- 
cipal stress direction. Fatigue tests were car- 
ried out on mild steel specimens ground and 
polished in a circumferential direction, and 
also on other specimens, which were ground 
and polished in a longitudinal direction. Prob- 
able stress distribution along a diameter for 
specimens ground and polished in the two 
ways. (ASM) 


10-47. ‘“‘Surface Roughness, Waviness and 
Lay, Part I’’—American Machinist, v. 91, 
April 10, 1947, p. 155. Standard is concerned 
with the geometrical irregularities of surfaces 
of solid materials. Establishes definite classi- 
fications for various degrees of roughness and 
waviness, and for various varieties of lay. 
It deals only with their height, width, and 
direction. (ASM) 


11-47. ‘‘Surface Finish Measurement In- 
strumentation’’—James A. Broadston; Instru- 
ments, v. 20, April 1947, pp. 374-377. Ad- 
vantages for production of metal parts and 
equipment. (ASM) 


12-47. ‘‘Surface Quality Control Does Pay’’ 
—J. A. Broadston; American Machinist, v. 91, 
April 10, 1947, pp. 102-103. (IAI) 


13-47. ‘‘Superfinishing Methods and Appli- 
cations, Part II’’—E. L. Hemingway; Ma- 
chinery, v. 53, April 1947, pp. 168-171. Typi- 
cal applications of the superfinishing process 
on bearings and shop tools, and for inspection 
work. (ASM) 


14-47. ‘‘New Replica Techniques for Eval- 
uating Engine Wear’’—Automotive and Avia- 
tion Industries, v. 96, n. 8, April 15, 1947, 
pp. 36-37, 78. Two methods of evaluating 
surface finishes of engine parts subject to 
wear; National Bureau of Standards process 
developed by H. K. Herschman is based on 
use of plastic replica which reproduces in 
minute detail protuberances and recesses of 
surface, and photoelectric means of evaluation. 
Process developed by NACA Aircraft Engine 
Research Laboratory; also uses plastic replica, 
but examination is made by microscope. (EI) 


15-47. ‘‘Optical Methods for Evaluation of 








Metal Surfaces’’—A. A. Vernon and J. Broom- 
field; Metal Finishing, v. 45, n. 4 April 1947, 
Pp. 70-71. Classificatior and principles of 
available instruments; discussion of those 
showing picture of surface and one which 
measures light reflected from surface; surface 
Pictures for comparative evaluation; dual mi- 
croscope for visual comparison; quick scan- 
ning surface comparator operating on reflection 
principle. Bibliography. (EI) 





16-47. ‘‘Surface Analyzer for Estimation of 
Roughness’’—M. M. Tennenbaum; Factory Lab- 
oratory (U.S.S.R.), v. 13, May 1947, pp. 635- 
637. (In Russian). Motion of a needle point 
over the surface of the specimen is amplified 
by two piezo-elements and recorded graph- 
ically by a moving pen. Curves produced by 
the instrument and true surface profiles are 











Presented in pairs for several types of sur- 
faces. Reason for differences is explained on 
the basis of the finite dimensions for the 
heedle point. (ASM) 


17-47. ‘Tracer-Point Sharpness as Affecting 
Roughness Measurements’’—D. E. Williamson; 
Transactions of the American Society of Me- 
chanical Engineers, v. 69, May 1947, pp. 319- 
323. Test procedure proposed to show the dif- 
ferences in average roughness readings that 
are obtained on a variety of specimens using 
tracer points of different sharpness. Four dia- 
mond points were obtained in mounts to suit 
them for use in the common type of profilome- 
ter tracer. Measurement of average roughness 
on metal surfaces finished with abrasives can 
be Satisfactorily carried out by tracer-point 
methods. Regardless of the smoothness of the 
Bem" tip radius of 0.0005-inch is adequate. 








18-47, ‘‘David Brown and Sons Topograph 
Surface Recorder’’—Engineer, v. 183, May 9 
1947. (IAT) 


19-47, ‘Surface Finish Measurement Instru- | 


; 
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they are used 
and duct connections, 






ENGINEERS 
NOTEBOOK 


STANDARD BAND CLAMPS 


FAST DELIVERY — 
FAST PRODUCTION 


and methods at Marman have 
tandard band clamps to two 
antages on 
S = 
dardization of clamps for app 
e required special designs. Today 
throughout industry for ali types of hose 
attachment of accessories, secur= 
eous equipment. 


New plant facilities 


ing of wiring and miscellan 


The Quick Coupler type with 
patented latch is particularly 
useful where ease and speed 
of assembly are important. 





The T-Bolt which provides even 
circumferential tension finds 
ideal application where high 
strength and an especially tight 
seal are required. 





i ight weight and ease of 
imple, foolproof design, light é 
am. = have led to the specification of Marman 


Clamps on virtually all U.S. aircraft. 


TION 
FOR ADDITIONAL INFORMA 
WRITE FOR ENGINEERS’ NOTEBOCK #21 mM 


NARMAN 2a 


PRODUCTS CO. /nc. 







11214 EXPOSITION BLVD —-* 
LOS ANGELES 64 CALIF. MARMAN 


STANDARD CLAMPS FOR SPECIAL APPLICATIONS 
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Sier-Bath GEAR COUPLINGS 


++» now used on 


TUBE MILLS 














@ Three size 1 Sier-Bath Couplings (two 
comprising a Floating Shaft Coupling) on the 
Welder of a M2'2 Type Yoder Tube Mill. 


Revolutionary 


Sier-Bath 


Flexible 


GEAR COUPLINGS 


Only 7 parts — 
Assembled, Uncoupled in seconds! 


Seen 





/> Cut assembly costs, down-time 


; Allow more compact designs 
/ Reduce wear on equipment 


f you make or use direct-connected 

equipment, be sure to get the whole 
story on this new coupling. Its fast con- 
nect-disconnect method alone may be 
able to save you thousands of dollars a 
year in reduced assembly time or down- 
time. See your local Sier-Bath Dis- 
tributor, or 


. 
* 
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WRITE FOR BULLETIN: Shows installa- 
tions, advantages, specs for standard, 


3/5 Usual Size, 1/2 Usual Weight ( vertical, mill motor, spacer and floating 
e pA aft types— sizes 0 6, ‘0 
—Lower Moment of Inertia! = 600 per 100 RPM. (Special types and 


t. 
Sier-Bath Gear Coupling compared SSaaue 








with two major conventional types Established 1905 Member A.G.M.A, 
of come shaft size, HP rating. Sier-Bath GEAR and PUMP CO., Inc. 
= _ 9245 Hudson Boulevard, North Bergen, New Jersey 





Also Manufacturers of Precision Gears and Screw and ‘‘Gearex’’ Rotary Pumps 
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mentation’’—James A. Broadston; Instruments, 
v. 20, June 1947, pp. 570-572. Requirements 
and problems involved. (ASM) 


20-47. ‘‘Smooth Surfaces Increase Plain. 
Bearing Capacity’’ — E. L. Hemingway; 
American Machinist, v. 91, n. 12, June §, 
1947, pp. 92-95. Results of tests to study ef- 
fects of rough and wavy surfaces and dimen. 
sional or geometrical inaccuracy of bushings 
and shafts on load-carrying capacity and life 
of plain bearings. Tests with recording watt- 
meter show smooth surfaces will carry heavier 
loads, run cooler, can be fitted to closer toler- 
ances, and suffer much less wear. (EI) 


21-47. ‘‘Measuring Millionths with New 
British Surface Measuring Instrument; Topo- 
graph’’—Steel, v. 120, June 2, 1947, p. 114. 
(IAI) 


22-47 ‘‘New Replica Techniques for Evalu- 
ating Engine Wear; Surface Finishes Repro- 
duced in Plastic’’-—-Automotive and Aviation 
Industry, v. 96, April 15, 1947, pp. 36-37. 
Excerpt. Product Engineering, v. 18, June 
1947, p. 146. (IAI) 


23-47. ‘‘How to Measure Surface Roughness 
of Castings’’—G. Hobman; American Machin- 
ist, v. 91, n. 14, July 3, 1947, pp. 4-95. De- 
tails of Hobman-Meehanite surface meter—di- 
rect reading, portable instrument of stylus 
type. Readings of ordinates are taken at 0.01- 
inch increments and recorded graphically. In- 
cluded is list of required classifications covering 
all normal ranges of surface roughness pres- 
ently encountered. (EI) 


24-47. ‘‘Measures Contours of Surfaces’’— 
R. Nitchie Jr.; MACHINE DESIGN, v. 19, 
July 1947, p. 136. Mechanical *:strument de- 
veloped to measure the dimensions of marine 
propellers to tolerances much smaller than 
those generally accepted. This instrument 
should prove useful for any application re- 
quiring the measurement of radial or concen- 
tric cylindrical contours or sections, particular- 
ly of irregular surfaces. (ASM) 


25-47. ‘‘Unusual Applications of Superfinish- 
ing’’—E. L. Hemingway; Machinery (London), 
v. 71, August 7, 1947, pp. 156-157. Superfin- 
ishing of reamers and punches to improve re- 
sults and life; of steam-valve disks and seats 
to reduce steam leakage; of pump piston-rods 
to eliminate the rasp effect between the rod 
and the nonmetallic packing; of gun recoil 
pistons to improve performance of aircraft en- 
gine parts to stop scoring; and of diesel engine 
crankshafts and automobile tappet valves to 
improve smoothness where they contact mating 
parts. Inspection of metal surfaces. (ASM) 


26-47. ‘‘Testing of Flatness by Bean Com- 
parator Method’’—R. Marrinar and W. O. Jen- 
nings; Engineer, v. 184, n. 4778, August 22, 
1947, pp. 164-165. Method described was devised 
at National Physical Laboratory and used for 
testing quickly and with reasonable accuracy 
large batches of surface plates of same size; 
it is particularly convenient for testing flatness 
of surfaces during manufacture. Principle is 
that of comparing, by means of sensitive dial 
indicator, straightness of succession of gener- 
ators in surface under test with that of known 
reference straightedge. (EI) 


27-47. ‘‘Determining Surface Roughness’’— 
W. Mikelson; Mechanical Engineering, v. 69, 
n. 5, May 1947, pp. 391-393; see also Mechan- 
ical World, v. 122, n. 3162, August 22, 1947, 
pp. 199-200; Engineers’ Digest (British Edi- 
tion), v. 8, n. 9, September 1947, pp. 293-294. 
Use of new standard surface roughness speci- 
mens, depicting 10 degrees of roughness with 
total of 25 different finishes; set consists of 
10 metal blocks; each 2 x 2% inch, each iden- 
tified by letter and representing certain degrees 
of roughness; several are subdivided into two 
or four different surfaces to show finishes of 
same degree of roughness, but made by dif- 
ferent types of machines. (EI) 


28-47. ‘‘Analysis of Surface Quality of 
Zinc-Base Die Castings’’—A. W. Sundwick; 
Steel, v. 121, September 15, 1947, pp. 94-95. 
Same abr. American Machinist, v. 91, Septem- 
ber 25, 1947, pp. 127, 129, 131. (IAI) 


29-47. ‘‘Mobile Laboratory Measures ‘Sur- 
face Finish in Shop’’—A. A. Goodman; A7)é!- 
ican Machinist, v. 91, n. 22, October 23, 
1947, pp. 104-105. Features of small analyzer 
installed at Steam Div., Westinghouse Electric 
Corp. Standard complement carried in mobile 
unit consists of type ‘‘Q’’ profilometer und 
type ‘‘V’’ Motorace for machine controlled op- 
eration of various profilometer tracing heads. 
(EI) 


30-47. ‘‘Fine Finishes and Flatness OD- 
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The Maxitorq floating disc Clutch was selected as standard 
equipment in 1949 for the 4 sizes of the Pipe Threading and 
Cutting machines manufactured by the Bignall & Keeler Divi- 
sion of John Ramming Machine Co., St. Louis. 


Their chief engineer says, “During this time we have had no 
service trouble involving the clutch or drive. Accessibility of 
the clutch and simplicity of its adjustment have contributed 


to a most successful design.” 


Maxitorq engineers are always pleased to see an 
application such as this, where it is possible to 
adjust or replace the clutch without tearing down 
the machine. One of our design objectives is to 
get more machine builders to adopt this policy. 
Maxitorg, however, gives top performance where- 
ever it is installed. 


If you require smooth, reliable power transmission 


SEND FOR CATALOG NO. MD10. 


within the Maxitorg range (8 sizes from fractional 
to 15 H.P. at 100 r.p.m.) single or double, wet or 
dry ...ask our engineers for recommendations. 
Design is compact, streamlined . . . completely 
assembled on body and shipped ready to slip onto 
a Shaft. Separator Springs prevent drag, abrasion, 
and heating in neutral... all assembly, adjustment 
and take-apart are manual operations. 
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CARLYLE JOHNSON MACHINE COMPANY 
MANCHESTER + CONNECTICUT 












How SPEED CASE Boosted 
A Valve Maker’s Sales! 


These “Seat-Seal” Valves are used by petroleum refiners. Sales 
competition is stiff and they have to be better than good, holding 
bubble-tight for thousands of openings and closings under a pressure 
of 2000 p.s.i.g. Nearly 300 of them are shown on a Texas tank car 
loading rack. 


Holliday’s Speed Case (X1515), one of the “Time-Saver” Speed 
Steels, is used to make the valve bodies. Its outstanding machin- 
ability and smooth finishing characteristics are making possible opera- 
tions under this sustained high pressure . . . at costs well within Grove’s 
competitive market. “The free machining qualities of Speed Case 
assist materially in enabling us to maintain our competitive position 
in a highly competitive market,” reports Grove Regulator Company, 
Oakland, Calif., manufacturer of the valves. 


Perhaps your own needs can be profitably served by these versatile 
steels. While demand often exceeds supply, it will pay you to check 
with your Speed Steel Distributor today. W. J. Holliday & Co., Inc. 
Speed Steel Plate Division, 120 139th St., 
Hammond, Indiana. 





DISTRIBUTED BY 
Brown-Wales Co.,, Cambridge-Hartford-Auburn, Me. - Bridgeport Steel Co., Milford, Conn. 
Beals, McCarthy & Rogers, Buffalo, N. Y. - Burger Iron Co., Akron, Ohio - Grammer, 
Dempsey & Hudson, Inc., Newark, N. J. - Earle M. Jorgensen Co., Los Angeles-Houston- 
Oakland-Dallas - Passaic County Steel Service, Inc., Paterson, N. J. - Peckover's Ltd., 
Montreal-Toronto - Peninsular Steel Co., Detroit, Mich. - Pidgeon-Thomas Iron Co., Mem- 
phis, Tenn. - Horace T. Potts Co., Philadelphia-Baltimore-York, Pa. 
Produced by W. J. Holliday & Co., Inc., Speed Steel Plate Division, 


Hammond, Indiana. Plants: ‘Hammond and Indianapolis, Indiana 
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tained by Surface Grinding’’—Machinery, y, 
54, October 1947, pp. 152-153. Production of 
finishes varying from 2 microinches for hard. 
ened steel to 15 microinches for aluminum, 
(ASM) 


31-47. ‘‘Surface Hardness Comparator’’—Jy. 
dustrial Diamond Review, v. 7, October 1947, 
. 298. British-made comparator consists of 
a plastic holder with nine projecting steel pins 
of different hardnesses. To determine surface 
hardness, adjacent pins are rubbed across the 
surface to be tested until one pin scratches the 
surface, whereas the other slides. (ASM) 


32-47. ‘‘Finishing with Diamond Tools’’— 
Paul Grodzinski; Machine and Tool Blue Book, 
v. 43, October 1947, pp. 174, 176, 178, 180. 
Finishing parts to one microinch with diamond 
single-point tools. (ASM) 


33-47. ‘‘Surface Roughness Measured by 
Resistance to Air Flow; Rugosimeter’’—Prod- 
uct Engineering, v. 18, November 1947, pp. 
100-101. (IAI) 


34-47. ‘‘Modern Mechanical Surface Finish- 
ing’’—Martin Manier; Metal Finishing, v. 45, 
November 1947, pp. 62-66. A review of equip- 
— procedures and materials. 17 references. 
(ASM) 


35-47. ‘‘Dry Friction of Metals as Affected 
by Surface Finish and Surface Coatings’’—N. 
Ludwig; Engineers’ Digest (American Edition), 
v. 4, November 1947, pp. 516-517. Apparatus 
for measuring sliding frictional resistance by 
use of a test cube pressed against a plane sur- 
face. Effect of surface finish was determined 
for four metals or alloy and for four grades 
of mechanical smoothness—rough machined; 
fine machined; ground; and polished. The 
frictional resistance of ten different surface 
coatings of either phosphated or plated types 
was also determined. (Translated and con- 
densed from Die Technik, v. 2, April 1947, 
pp. 166-170). (ASM) 


36-47. ‘‘Surface Finish Measurement of En- 
gineering Components’’—C. Timms; Journal of 
the Institution of Production Engineers, v. 26, 
n. 12, December 1947, pp. 411-426. Measure- 
ment and analysis of surface irregularities of 
materials; results of research program of Na- 
tional Physics Laboratory in England; stylus 
types of instrument capable of recording to 
high scale of magnification surface irregulari- 
ties which hitherto have been assessed by prac- 
tical workshop methods such as fingernail test; 
other instruments. (EI) 


1946 


1-46. ‘‘Checking surface finish; Comparo- 
scope’’—-Steel, v. 118, January 28, 1946, P. 
115. (IAI) 


2-46. ‘‘Surface Finish of Reduction Gear 
Teeth’’—J. A. Davies; Journal of the Amer- 
ican Society of Navy Engineers, v. 58, Febru- 
ary 1946, pp. 16-20. Use of Faxfilms for in- 
spection of gear tooth surfaces. Process can 
be and has been used on any surface the con- 
dition of which is subject to question. (ASM) 


3-46. ‘‘Optical Methods for the Examination 
of Surfaces’’—B. Firschmuth, Industrial Dia- 
mond Review, v. 6, March 1946, pp. 70-74. 
Optical methods used at present for the exam- 
ination of surface finish, particularly the 
Schmaltz ‘‘light-slit’’ method. Adapter is de- 
scribed which enables method to be carried 
out with the aid of a standard inverted type 
metallurgical microscope. Usefulness of adapt- 
er is illustrated in a number of photomicro- 
graphs, obtained with various types of sur 
faces. (Translated from Schweizer Archiv fuer 
angew, Wissenschaft and Technik, v. 11, SeP- 
tember 1946, pp. 262-269.) (ASM) 


4-46. ‘‘Surface Finish; what surface profile 
is really like, as shown by ordinary and elec- 
tron microscopes’’—L. H. Milligan; Diesel 
Power, v. 24, March 1946, pp. 336-338. (IAI) 


5-46. ‘‘Determination of Surface Roughness 
by Use of Longitudinal Feelers and by Inter- 
ference Techniques’’—F. Flamant and M. A. 
Arnulf; Journees des Etats de Surface, 1946, 
pp. 110-116; discussion, p. 116. Application of 
individual methods to different surfaces, after 
simple machining, grinding, mechanical 0o 
electrolytic polishing. (ASM) 


6-46. ‘‘A Glossmeter for Smoothness Com- 
parisons of Machine-Finished Surfaces’’—Rich- 
ard S. Hunter; Journal of the Optical Society 
of America, v. 36, March 1946, pp. 178-181. 
Since shininess is one indication of surface 
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you'll get better results 


with ARKWRIGHT 


First, the drawing and second, the reproduction 
will be cleaner, clearer, sharper when you 
use Arkwright Tracing Cloths. 


In the drawing you'll work more smoothly, 
easily—without pinholes, uneven yarns or 
other imperfections to slow you. You'll get 
clean, “feather-free” lines even over 

an erasure. 








In the reproduction you'll always have clear, 
“contrasty” results because Arkwright Cloth 
is permanently transparent—won’t discolor 
or turn brittle and opaque with age like 
inferior products. 










Are you interested in results like these? 
Specify Arkwright Tracing Cloths. Write 
for samples to Arkwright Finishing Co., 
Industrial Trust Bldg., Providence, R. I. 
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smoothness, a photoelectric glossmeter was de. 
veloped for possible use as a production-insper. 
tion device for determining the rovghness of 
machine-finished surfaces between 100 and 5 
microinches root mean square deviation fron 
mean surface. (ASM) 












7-46. ‘‘Putting a Glassy, Smooth Finish o 
the Shooting Star’’—Fred Burt; Indus. 
trial Finishing, v. 22, March 1946, pp. 27-32 
New materials and technique used to condition 
all metal surfaces. Gives 11 important step 
in superfinishing schedule. (ASM) 





8-46. ‘‘Conference on Surface Finish” — 
Journal and Proceedings of the Institution 
Mechanical Engineers, v. 153 (War Emergency 
Issue No. 10), pp. 331-351. Engineering, 
159, March 16-April 13, 1945, pp. 215-220, 237. 
239, 258-260, 277-280. 299; same, condensed in 
Engineer, v. 179, March 16-30, 1945, pp. 218. 
220, 230-231, 250-251. Discussion: Journal an 
Proceedings of the Institution of Mechanical 
Engineers, v. 153 (War Emergency Issue No 
10), pp. 352-379; Engineer v. 179, March 16 
23, 1945, pp. 209-211, 234-236. (IAI) 













9-46. ‘‘Polissage Electrolytique et Super. 
finition’’—-R. Mondon; Technique Moderne, 
38, n. 23-24, December 1-15, 1946, pp. 281-286 
v. 39, n. 1-2, January 1-15, 1947, pp. 17-21 
Electrolytic polishing and superfinishing; vari- 
ous types of finishing; application of profilome. 
ter to surface testing influence of electrolytic 
polishing on mechanical properties; application 
to detection of surface defects. (ASM) 


























10-46. ‘‘Measurement of Surface Rough- 
ness’’—-C. J. Posey, Mechanical Engineering 
v. 68, n. 4, April 1946, pp. 305-306, 338; se 
also Mechanical World, v. 119, n. 3102, Jun 
14, 3946, pp. 672-674. Regarding types of 
equipment used to measure surface roughness 
paper mentions differences in British and 
American practices and points out that neither 
takes into account all factors involved; diffi- 
culty of defining concept of identical or sim- 
ilar surface roughness; use of histogram meth- 
od of analysis by means of which depth, slop 
and curvature distribution characterizes profit 
roughness completely. (EI) 





















11-46. ‘‘Comparison of Roughness of Super 
Finished Plane Surfaces’’—J. Kluge and G 
Bauchmann; Product Engineering, v. 17, May 













1946, pp. 401-402. Foreign abstract. _Instrv- 
ment employing photoelectric cell developed to 
give qualitative measurement of surface rough 
ness. Test compared with those of Schmalt 
surface tester. 


12-46. ‘‘The Surface Condition and Reflec 
tivity of Metals’’—-J. H. Nelson; Journal 0 
the Electrodepositors’ Technical Society, v. 21 
1946, pp. 113-120 (Reprint). Theories of sur 
face reflectivity are outlined. Superfinishing 
technique and method for comparison of finis) 
smoothness are described. Application of tr 
flectivity as a tool in razor blade inspection § 






explained. (ASM) 
13-46. ‘‘Measurement of Surface Rough: 
ness’’—C. Timms, Metal Treatment, v. 13, = 


46 (Summer), 1946, pp. 111-118. Optical sur 
face recording instriiments developed for this 
purpose; range of roughness accommodated by 
each; difficulties to be overcome in order \ 
establish rational specification for  surfact 
roughness and present progress; need for corte 
lation between physical and geometrical 4 
pects of surface to determine important sur 
face qualities. Before Paris Congress, 0 
ganized by La Commission Technique 4 
Etats et Proprietes de Surface des Meta 
(IAI) 


14-46. ‘‘Les Etats de Surface’’—Lasnier ané 
Plagnol; Journal des Societe des Ingenieurs de 
L’ Automobile, v. 18, n. 4, July-August 195, 
pp. 117-130. Present knowledge of surfaces 
definition; examination with mechanical a 
optical apparatus, electron microscope, éle’ 
trical and other methods; study of behavior © 
surfaces. (EI) 

15-46. ‘‘Measuring Surface Roughness” — 
Product Engineering, v. 17, n. 8, August 196, 
p. 117. New method and apparatus for sv" 
face inspection; equipment consists basicall 
of microscope with adjustable lighting shutte! 
translucent intermediate bender; and :ight co” 
centrating lamp; application described. ae 
lish abstract of article from VDI Zeit, Fe 
ruary 20, 1945. (IAI) 


16-46. ‘‘L’etat des surfaces metal!iques 
P. Bastien and C. de Senneville; ‘echn® 
Moderne, v. 38, n. 15, 16, 19, 20, August 1, 
1946, pp. 169-176; October 1, 15, pp. 223-2 
State of metal surfaces. August: Physical # 
physical chemical state; methods of study'™ 
constitution and structure. October: Study 
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New Concepts in Fine-Pitch Gear Supply! 
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“CATERPILLAR” D2 Prevents Erosion 
Unlike wheels, the D2’s broad tracks make no 
gully-breeding ruts; no depressed strips. After 
harrowing, the D2 has left no tracks. 


The D2 isa rugged, efficient,dependable  writé | 
machine because “Caterpillar” Engi- TODAY FOR ‘ | 
neers know a quality product depends puLLeTin 25 
on quality parts. O & S Bearings and oR END 

Bushings are typical of the high quality AND peTAits 
equipment that assures D2 owners long, 
trouble-free service. 


On “Caterpillar” products O & § 
“Neveroil’’ Bearings and bushings are 
used to provide smooth, easy handling of 
controls, brake levers and linkage located 
where lubrication is difficult and often 


impossible. | 
Our 38th Year Manufacturing Original Equipment 














O«xS BEARING CO. 


303 SOUTH LIVERNOIS + DETROIT 7, MICHIGAN 
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conductivity, hardness, fatigue and corrosion 


309. Simple method which shows type of 












shape of surfaces; macro and micro roughness: 
influence of surface state on friction, electric 







(IAI) 
























17-46. ‘‘Replica Method for Roughness 
Measurement’’—H. Smoluchowski; Review oj 
Scientific Instruments, v. 17, August 1946, p, 










roughness, and can be used in hard-to-get-a 
places. Cellulose acetate dissolved in acetone 
is applied. Before it dries, cellulose acetate 
tape is pressed on. When it is pulled off, the 
bottom is covered with an accurate replica of 
the surface. In a variation of technique, dy 
is added to the solution, so that the replica 
may be exposed to a light beam for quantita. 
tive roughness determination with a photo-cel), 
(ASM) 

































18-46. ‘‘Standard Classification of Machine 
Surface Finish’’—P. E. Dyachenko; Engineery 
Digest (British Edition), v. 7, n. 9, Septem. 
ber 1946, p. 297. Account of USSR standan 
classification of microsmothness of surfaces 
based on root mean square value of deviation 
as measured on Abbott type surface measuring 
instrument; standard curve of equivalents giv. 
en to permit translating this in terms of max. 
imum deviation, should this other criterion bh 
necessary. Brief English abstract from Vest- 
nik Inzhenerov I Tekhnikov, Russia, n. 2 
1946, pp. 73-78. (EI) 























































19-46. ‘‘A New Approach in Evaluating 
Surface Roughness of Gear Teeth’’—L. D. 
Martin; Product Engineering, v. 17, September 
1946, pp. 110-114. Standard for comparing 
surface roughness of gear teeth by visual in- 
spection. 





















20-46. ‘‘Suggestions Concerning Use of Cor- 
relation Charts for Interpretation of Surface 
Finish Records’’—J. R. Womersley and M. R. 
Hopkins; Journees des Etats de Surface, 1946, 
Pp. 135-139; discussion, p. 139. The profilo 
gram obtained by an apparatus with feelers 
does not define completely the condition of the 
surface. The true surface condition may bh 
determined only by meticulous analysis of 4 
series of profilograms compiled into a correla 
tion chart. (ASM) 

























21-46. ‘‘Precision Measurement, Section 1-— 
Inspection Instruments, Continued; Part 3- 
Optical Flats’’—Warren Baker. Machine Tool 
Blue Book, v. 42, September 1946, pp. 141, 
142, 144, 146, 148, 150, 152, 154, 156, 158, 160 
162, 164, 166, 168, 170, 172, 174. Theory ani 
use of optical flats; examples. (ASM) 










22-46. ‘‘Interference Microscope for Testing 
Surfaces’’—ZIndustrial Diamond Review, v. 6 
n. 70, September 1946, pp. 276-279. Instrv- 
ment for direct measurement of profile heights 
on smooth surfaces for maximum roughness of 
0.05 to 2 micron (2 to 80 microinches) ove 
certain portion of workpiece surface undef 
test; method of testing, operation and adjust: 
ment; interpretation of interference patterns, 
design and mounting; use of photographic 
equipment and evaluation of pictures; calibra 
tion. (EI) 



























23-46. ‘‘Surface Finish in Production Meth 
ods’’—W. E. R. Clay; Institution of Mechar 
ical Engineers Proceedings, v. 153, 1945, Wat 
Emergency Issue No. 10, pp. 342-343. Grint: 
ing; honing; superfinishing; lapping. (Pape 
for Symposium on Surface Finish.) (ASM) 















24-46. ‘‘Measurement of Surface Waviness 
—C. Timms; Institution of Mechanical Eng 
meers Proceedings, v. 153, 1945, (War Emer 
gency Issue No. 10), pp. 337-339. A portable 
instrument of simple construction designed 
the National Physical Laboratory for the mea* 
urement of the grosser surface irregularities. 
(Paper for Symposium on Surface Finish) 
(ASM) 

































25-46. ‘‘How to Measure Surface Roughnes 
of Castings’’—G. Hobman; American Foundry 
man, v. 16, October 1946, pp. 46-47. Use © 
dial gage and stylus type contact point. (ASM 













26-46. ‘‘Surface Finish Measurement Instr 
mentation’’—James A. Broadston; Tool é Die 
Journal, v. 12, October 1946, pp. 81-86, 1% 
170. Various commercial instruments 
(ASM) 


27-46. ‘‘Talysurf Surface Meter’’—Electr™ 
ic Engineering, v. 18, n. 225, November 1M6 
p. 351. Notes on stylus type of electronic ® 
strument for measuring texture of surfaces; © 
provides both graph showing cross section © 
surface, and number representing 4vé 
height of texture; suitable for measurement 
all irregularities whose spacing lies in ™ 
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CYLINDERS 


@ Long recognized as 
the finest hydraulic 
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HANNIFIN 


Hannifin Corporation, 1115 S. Kilbourn Ave., Chicago 24, Ill. 
Air and Hydraulic Cylinders « Hydraulic Power Units + Pneumatic and Hydraulic Presses « Air Control Valves 
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| Surface Finish 





ror GRUEL ING WORK, TRACTOMOTIVE 
canteen 
SPECIFIES H Y D R E co G ra R P U M PS 28-46. ‘‘Measurement of Surface Finish’’~ 


| Commonwealth Engineering, v. 34, n. 4, No. 

ae Se : vember 1, 1946, pp. 130-134. Comparison of 
producers of these a | Yelative merits of taper sectioning, optica) 
HD 20 G Tracto-Shovels specify = methods and stylus instruments for obtaining 
HYDRECO Series 3000 ' ; Ry: | Quantitative measurement applications. Ar 
H -Duty G r j aa ticle deals particularly with results obtainei 
ee ’ | and apparatus available for this purpose a 
' | Munition Supply Laboratories, Maribyrong, 

| Victoria. (EI) 





between about 0.0002-inch and 0.1-inch; ap. 
plicability to grinding, fine turning and milling 
and fine finishing. (EI) 





























29-46. ‘‘Profile and Surface Analysis’’—-Air. 
craft Production, v. 8, n. 97, 98, November 
1946, pp. 509-512; December 1946, pp. 557-560, 
November: Napier technique of checking gear 
teeth by combination of mechanical and optica! 
magnification described. December: some vari- 
ants of method as applied to surfaces of cer. 
tain other components, including valve sleeves 
are dealt with. (EI) 






























































30-46. ‘‘Evaluating Surface Roughness of 
Gear Teeth’’—L. D. Martin, Iron Age, v. 158, 
November 21, 1946, p. 144. (IAI) 


31-46. ‘‘Blow-Up Photos Facilitate Research 
and Inspection’’—M. W. Seavey; Tool Engi- 
neer, V. 17, November 1946, pp. 45-58. Photo- 
graphing contour projections on optical com- 
parator assists in the control of quality. 
(ASM) 





32-46. ‘‘Tapering for Surface Inspection’’— 
W. J. Darmody; American Machinist, v. 90, n 
26, December 19, 1946, pp. 134-135. Experi- 
ments with taper sectioning, conducted in con- 
nection with standardization of Ordnance finish 
blocks at Frankford Arsenal Gage Laboratory 
taper sections formed by grinding and lapping 
of surface area to be evaluated; machining 
methods used to prepare block for surface in- 
spection; lapping compounds used; utilization 
of two different ways of positioning light for 
examining surface finish under microscope 
(EI) 





33-46. ‘‘Comtor Surface Smoothness Com- 
parator’’—Machinery, v. 52, December 1945 
p. 220. (IAI) 


34-46. ‘‘Trentini Surface Tester’’—ZJndus- 
trial Diamond Review, v. 6, December 1946 
p. 375. Swiss instrument in which surface fin- 
ish or roughness is measured by producing 
shocks in an electrical system. These shocks 














: : . “ $ are produced by drawing a needle with 4 
Multi-thousand dollar earthmoving giants have to ‘‘earn 4 hg yh Ry ng § By Bt 
oo i ; “ velocity and under constant load, the magni- 
salt they operate at maximum service under severe wor. ee Se ee ee ee 
ing conditions — can't afford to be laid up unexpectedly for roughness of the measured surface. (ASM) 
repairs during working hours. 35-46. ‘‘Profile and Surface Analysis, Part 
; - Il’’—Aircraft Production, v. 8, December 1946, 
Because the hydraulic system takes a real beating, every | pp. 557-560. Combined mechanical and optical 
é | methods for checking by projection as applied 
component must be able to take its share of the load. The to surfaces of certain components, including 
valve sleeves. (ASM) 
HYDRECO Gear Pump used on the HD 20 G Shovels are 

specially built to Tractomotive specifications and standards. 1945 
HYDRECO is equipped to work with your engineers in 1-45. “Evaluation of the Finish of a Metal 
. . . . . . Surf b Repli Method’’—Harry XK. 
designing and building your oil hydraulic needs — Gear cement Dela tae <b ieee 
; ) ; Journal of Research, v. 34, January 1945, PP. 
Pumps, “ —— Control Valves and ee 25-31. Method for evaluating surtace Anlst 
omnes peci i i i i through the medium of a nearly transparent 
S = y bui it jor your motive equipment. rite t ay plastic replica of a surface described. The 
for full information. method consists essentially in passing a narrow 
beam of light transversely through the movilé 






replica onto a photoelectric cell. Variations 
in the geometric characteristics of the film, 
which are associated with the serrations of 
the surface reproduced, control the intensity of 
the light passing through the film and reachiné 
the photocell at any instant. The fluctuations 
of intensity of the transmitted light cause 4 
pulsating voltage in the cell circuit, which 8 
recorded by an electronic voltmeter. This volt 
age increases with increased surface rough- 
ness. The evaluations obtained by this means 
are very promising. Results for different sum 
face finishes are correlated with profile me@* 
urements of the surface determined with the 
microscope. (ASM) 































2-45. ‘Surface Roughness Testing’’—J. M 
Trytten; Metals and Alloys, v. 21, Janualy 
1945, p. 138. (IAI) 


IY DRECO we nw de 
3-45. ‘‘Lubrication; Newer Aspects Crea 
THE NEW YORK AIR BRAKE COMPANY by Superfinishing’’—Automobile Enginecr, 


1106 EAST 222nd STREET * CLEVELAND 17, OHIO ee ee ee ee ae 













&-45. ‘Determination of Surface Quality’’— 
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Representative of Nice ingenu- 
ity is No. 6866, a cam follower 
on an agricultural harvester. 
No. 6866 replaces a precision 
bearing pressed into a specially 
machined outer tire ... and 
the resulting improvements 
were: 





Com- 
1945 


ndus- 
1946 
e fin- 
ucing 
hocks 
ith a 
stant 
agni- 
o the 
M) 


Part 
1946 
rtical 
plied 
iding 


1. LOWER COST (OVER 30% 
SAVINGS). 


2. INCREASED CAPACITY. 
3. MORE EFFECTIVE SEAL. 


4. PACKAGED INTERCHANGE- 
ABLE UNIT. 


5. IMPROVED APPEARANCE AND 
PERFORMANCE. 


Characteristic of agricultural 
machinery, severe dust and 
dirt problems dictated the need 
of an efficient and rugged seal. 
No. 6866 seal has proved to be 
highly effective and durable. 
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No. 6757 
PRESSURE 
BEARING 
FOR 

LOCATING 


INSTRUMENT 
RECORDING 
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NO. 6866 CAM FOLLOWER 


in specials, 


SPECIAL BEARINGS 


“Specials” are ball bearings which have 
been custom designed to be “exactly right’ 
for a particular application. Thus, the field for 
specials ranges from modification of existing 
standard bearings to complete new bearings of 
unusual shapes and dimensions. As “specialists 
experienced NICE engineers take 
advantage of every design opportunity to 
reduce costs without sacrifice of quality and to 
improve product performance and appearance. 


ae 


of unusual shapes 
rolalemme i ittl-tikiielits 


Where new fooling is justified by 
the quantities involved, specials of 
this type, where applicable, offer 
the greatest possibilities for cost 
savings and product improvement. 
A few typical application examples 
are illustrated. 


No. 6750 
BALING MACHINE 
WIRE GUIDE 


SEMI-PRECISION ‘'SPECIALS’’ 


Many precision bearing applications do not require all of the elements 
of precision that are normally incorporated in a standard precision unit. For 
example, if the bearing cone is locked against a step on the shaft, grinding 
of the bore can be eliminated and will save approximately 10% of the 
selling price of a 2” OD precision annular bearing. Similarly, if the loads 
are not severe nor the RPM excessive, polishing of the ball grooves may 
not be necessary and will reduce the cost about 10%. In a light load appli- 
cation, the outer ring material can be changed to a less expensive steel 
at a savings of as much as 8% of the selling price. 


THE USE OF SEMI-PRECISION BEARINGS, WHERE INDICATED, MAY REFLECT 


SUBSTANTIAL SAVINGS TO THE MANUFACTURER WHO BUYS BEARINGS IN 
PRODUCTION QUANTITIES. 





NICE BALL BEARING COMPANY 


NICETOWN -PHILADELPHIA-PENNSYLVANIA 










































The Electrol! 525 Hand Pump 
has a volumetric capacity of 
1.5 cu. in. per cycle. 


The Electrol 770 Hand Pump 
has a volumetric capacity of 
of 2 cv. in, per cycle. 








Electrol 
Hand Pumps 


for Uniform 
2-Way 


Pumping Action 


Etecwet Double-Acting Hand 
Pumps are capable of delivering 
uniform volume, with operating 
pressures up to 1,500 P.S.I. They 
are compact in design . . . have 
few moving parts . . . are low 
in cost . . . economical in oper- 
ation. They have built-in suction 
and pressure check valves ... 
¥%” pipe thread ports . . . and 
can be used in mineral oil or 
water. Also, there are similar 
units available for use in gaso- 
line, kerosene, or equivalent aro- 
matic fluids. Complete engineer- 
ing data can be obtained on 
request, 


Electrol 


HYDRAULICS 3 


KINGSTON, NEW-YORK 





Lelter Designed Lectro/ Mydraulice 
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Surface Finish 








(Abstract)—Metals and Alloys, v. 21, Januan 
1945, p. 234. (IAI) 


5-45. ‘‘Surfaces Inspected by Three-Dimep. 
sional Film; Faxfilm Method’’—Steel, v. 116 
February 19, 1945, p. 152. (IAI) 









6-45. ‘‘Replica Method for Evaluating Fin. 
ish of a Metal Surface’’—Harry K. Hersch. 
man; Mechanical Engineering, v. 67, February 
1945, pp. 119-122. Describes a new method for 
evaluating surface roughness which involves 
the use of rapidly produced plastic replicas of 
variable transparency. Evaluations of surface 
finish made by this method on five specimens 
which differed significantly in degrees of finish 
were correlated with profile values of thes 
surfaces determined by (a) the profilometer 
method (as root-mean-square values), and (b) 
the microscope on cross-sections (peak-to-valley 
values). These data show that this replica 
method is especially sensitive for the ev1luation 
of surfaces having high degrees of finish. 
(ASM) 









7-45. ‘‘General Electric Method of Designat- 
ing and Inspecting Surface Fnish’’—Machinery, 
v. 51, February 1945, p. 184. (IAI) 





‘“‘The Structure of Sliding Surfaces’’— 
G. I. Finch; Engineering, v. 159, March 16 
1945, p. 215. State of surface may be de 
termined by electron microscopy and diffrac- 


8-45. 





tion. Root cause of breakdown in oil film is 
texture. 
9-45. ‘‘Topograph for Measuring Surface 





Finish’’—Engineer, v. 179, March 16, 1945 


p. 215. (IAI) 





10-45. ‘‘Some Principles and Methods of 
Surface Measurement’’—R. E. Reason; Journal 
and Proceedings of the Institution of Mechan- 
ical Engineers, v. 53, 1945, (War Emergency 
Issue No. 10), pp. 335-337. Same, Engineering, 
v. 159, March 16, 1945, pp. 216-217. (IAI) 


11-45. ‘‘Surface Finish Symposium’’—E£ngi- 
neer, Vv. 179, March 16-30, 1945, pp. 218-220, 
230-231; Engineering, v. 159, March 16-April 
13, 1945, pp. 215-220, 237-239, 258-260, 277-280, 
299; Automobile Engineer, v. 35, April 1945, pp. 
141-146. Discussion, Engineer, v. 179, March 
16-23 1945, pp. 209-211, 234-236. (IAI) 


12-45. ‘‘Measurement of Surface Waviness’ 
—cC. Timms; Engineering, v. 159, March 16, 
1945, pp. 217-220. Analysis of various sur- 
faces and instruments. Pen charts. 


13-45. ‘‘Drawing Office Specifications’’—H 
J. Griggs; Engineering, v. 169, March 23, 1945, 
p. 237. Standards proposed by British Stand- 
ards Institution relating to symbols. 


14-45. ‘‘Requirements in Surface Finish’’— 
D. McConnell; Engineering, v. 159, March 23, 
1945, p. 238. (IAI) 


15-45. ‘‘Tomlinson Recorders’’ — Enginee?, 
v. 179, March 23, 1945, pp. 237-238. (IAI) 


16-45. ‘‘Results of Modern Practice’’—F. 
Mourse; Engineering, v. 159, March 23, 1945, 
p. 239. Instruments replace visual inspection 
in aircraft work. 


17-45. .‘‘Surface Finish’’—Engineering, ¥V. 
159, March 16, 1945, pp. 211-212. General 
discussion of terms, machines, instruments and 
methods. 


‘‘Surface Finish on Production Meth- 
ods’’—W. 4 Clay; Engineering, v. 15%, 
March 23, 1945. Surfaces produced by grind- 
ing, honing, lapping and superfinishing. De 
gree of roughness and advantages of methods 
discussed. 


(Ol 


t 
ps.i. 
Wher: 


OF ass 


19-45. ‘‘Symposium on Surface Finish: Con- 
tinuity in the Production of Specified Surface 
Finish’’—E. Swain; Engineering, v. 159, March 
30, 1945, pp. 258-260. If a ground or honed 
finish is to be improved, the matter resolves 
itself into moderate finish with accuracy 4? 
speed of operation, as against fine finish, wit! 
slow operation coupled with the danger of get 
erating excessive temperature, and its cons 
quences. (ASM) WRITE 










20-45. ‘‘Requirements in Surface Finish’’— 
D. McConnell; Journal and Proceedings of thé 
Institution of Mechanical Engineers, v. ’ 
1945 (War Emergency Issue No. 10), pp. 34! 
342. Requirements of surface finish are com 
cerned with the reduction of wear, and find 
decisions must largely rest on the observed 
results of work with known surface finishes 
Paper for Symposium on Surface Finish 
(ASM) 
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rae PRESSURE, COLD and HEAT 

4" ’ an 

irface 

1945 

is @ PRESSUR Harbor Plywood’s veneer press 
yurnal 4 @ 

chan- uses American 4%” I.D. Seam- 
gency iless Bronze Connectors with braid for added 
ering ° ° ° 

) pressure resistance. American Flexible Metal 





Connectors are ideal for this use because they’re 


wos) qcurosion-resistant. They come with fittings at- 
-apriijtached and are easily installed. Manufacturers, 
oe pike Harbor Plywood, find American Connectors 
ware #the right solution to tough design problems 


because of their flexibility, both in assembly and 
ness” Moperation, and their long life with little mainte- 


h p.. nance attention. 


’—H 
1945 
tand- 





Meth- i me 
= COLD For conveying Freon in truck refrigeration systems, HEA Morehead Manufacturing Company uses American 
thods The Schnabel Co. uses American Vibration Eliminators. Seamless Bronze Flexible Connectors on their back 

These connectors operate between 10° and 40° F. at 180-200 to boiler” steam trap. This connector has the ability to resist high 
con- @PS.i. American Flexible Metal Connectors are the best answer steam temperature and pressure as well. American F lexible Metal 


irfact BWwhere moving lines must be connected, flexible shafts protected, Connectors may also be used to carry corrosive liquids, gases, 


March ‘ ’ ‘ ae 
noned fT aSsemblies made in restricted spaces. or semisolids, 52262 


30lves 
y and 
with 
gen- 
-onse- 


“ WITE FOR BOOKLET SS-50—shows how the tubing is designed, used, and installed—gives specifications on tubing and fittings. The American 
sh’’— 
the Brass Company, American Metal Hose Branch, Waterbury 20, Conn. In Canada: The Canadian Fairbanks-Morse Company, Limited. 
341- 
con: 


fina 
e rved 


= wherever connectors must move... SAnericas flexible metal hose and tubing 
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World’s fastest boat 
uses SEALOL” Seat 








Assembly drawing of the 
Sie-Me-Shun geerber. 




































































Western Gear Works, designers and 
manufacturers of the step-up gearbox, 
selected ‘‘Sealol” to seal the high speed 
output shaft against oil leakage. Many 
factors influenced this selection. Compact- 
ness, lightweight, minimum frictional 
drag, ability to withstand ultra-high shaft 
speeds — these are the major reasons 
why “Sealol” was chosen for the job. 

While Mr. Stanley Sayres has been set- 
ting speed records with Slo-Mo-Shun IV, 
“Sealol” has been setting performance 
records in shaft sealing... Pressures in 
excess of 1000 psi — or temperatures of 
600°F.— or rubbing speeds of 16,000 
linear ft. per min. ... demonstrate some 
of the unusual performances possible with 
“Sealol” Seals. 


When Slo-Mo-Shun IV set a new world’s 
hydroplane record of 178.497 miles per 
hour, a “Sealol” Rotary Shaft Seal was on 
board for the ride. To drive the boat at 
such a terrific speed, the full power of an 
Allison V-12 aircraft engine is transmitted 
through a 3:1 step-up gearbox, driving 
the propeller shaft at speeds in excess of 
12,000 rpm. 























Perhaps your unusual problem can be solved 
by Sealol. Send blueprints and specifications 
to our engineering department at Sealol Corpo- 
ration, 45 Willard Ave., Providence 5, R. I. 
Plants Nos. 1 and 2 in Providence. Plant No. 3 
in Keene, N. H. Offices in Philadelphia, Cleve- 
land, Chicago, Los Angeles, Montreal, Toronto. 


Surface Finish 





21-45. 1944 Report on Measurement of Sy 
face Finish by Stylus Methods—R. E ease 
M. R. Hopkins and R. I. Garrod; Published 

Taylor, Taylor and Hobson, Ltd., Leicester 
England, March 24, 1944, 78 pages; cha 

tables, illustrations. See also review in Aw 

mobile Engineer, v. 35, n. 460, March 19 

p. 119. Report on work done in past f 

years in Taylor-Hobson Research Laboratory 
basic elements of stylus instrument and limita. 
tions they may impose; various ways in whic 
numerical assessment could be secured. Styl 
instruments are built to give graph represent 
ing cross-section of surface, or numerical i 
dication on meter, or both. (EI) 


22-45. ‘‘Comparison of Surface Roughne 
of Highly Finished Plan Surfaces’’—J. Kly 
and G. Bochmann. VDI Zeitschrift, v. 
April 1, 1945, pp. 179-181. Engineers’ Dig 
(American Edition), v. 2, May 1945, pp. 21 
216. Theory is advanced that it is less j 
portant to determine surface profile than { 
ascertain whether repeated refinishing of 
surface will produce identical surface roughne 
New apparatus developed for this. Instrume 
operates on the principle of throwing a pa 
beam of light upon the surface under an angi 
of 45 degrees. Reflected beam is then pas: 
through a lens followed by an aperture and 
photocell. (ASM) 


23-45. ‘‘Talysurf’’—Engineer, v. 179, Ap 
6, 1945, pp. 276-277. (IAI) 


24-45. ‘“‘Effect on Fatigue Strength’’—W, 
Ker Wilson; Engineering, v. 159, April 6, 194 
pp. 277-280. Sources of surface weakness 
clude faulty geometrical shape, fretting co 
sion and wear, scaling, poor surface fin 
mechanical damage and metallurgical def 
Influence of cutting, grinding and polishing o 
fatigue strength discussed. Strength and 
resistance can be increased by heat treatmen 
mechanical or surface coatings. Generally 
finely finished surfaces are more desired. 


25-45. ‘‘Some Principles and Methods 
Surface Measurement’’—R. E. Reason; £ 
neer, Vv. 159, March 16, 1945, pp. 216-217 
Standardization of measuring instruments 
method discussed. 

26-45. ‘‘Symposium on Surface Finish” 
Machinery (London), v. 66, April 19, 194% 
pp. 427-429. Rational specification of surfad 
finish; requirements in surface finish. (AS 


27-45. ‘‘Symposium on Surface Finish” 
Machinery (London) v. 66, April 26, 1945, P 
457-458. Continuity in the production of sp 
fied surface finish. (ASM) 


28-45. ‘‘Surface Finish’’—W. Ker Wilso 
Aircraft Production, v. 7, n. 78, April 18 
pp. 189-193. Effects of various workshop ope 
ations on fatigue strength of steels are C0 
sidered; surface finish of aircraft engine com 
ponents are dealt with. Many useful test 
sults are included and references made to ¥ 
of shot blasting for increasing fatigue stren 
Before Institution of Mechanical Enginee 
(EI) 


29-45. ‘‘Relation of Surface - Rough 
Readings to Actual Surface Profile’’-—L. 
Tarasov; Transactions of the American & 
ciety of Mechanical Engineers, v. 67, Apt 
1945, pp. 189-196. Studies of surface fi 
have shown the desirability of relating prof 
ometer roughness readings to actual peak- 
valley distances of the type that a micromett 
measures. Approximate multiplying fact? 
for converting profilometer readings into peak 
to-valley roughness have been obtained fro 
taper sections of a variety of abrasive-finishé 
steel surfaces with profilometer roughness 
the range of 1 to 100 microinches rms. 
cylindrical ground surfaces, the factor can’ 
taken as about 4%; for other types of fixe 
abrasive finishes, as 6 or 7; and for 100 
abrasive lapped surfaces, as 10. These # 
mean values, and individual factors may 4 
ate by as much as one-third of the main val 
The factors quoted give values for ‘‘predo? 
inant peak’’ roughness; they should be double 
to obtain ‘‘deepest maximum’’ roughness, ! 
being a second way of describing the peak- 
valley roughness. (ASM) 


30-45. ‘Surface Finish and Its Measll 
ment’’—R. E. Reason; Journal of the Insti 
tion of Production Engineers, v. 23, 2. 
October 1944, Edition B, pp. 347-372. Britis 
Non-Ferrous Metals Research Association 
letin, v. 25, April 1945, p. 95. Importance” 
physical and geometrical aspects with empl 
on the latter; basic stylus instrument; unit 
measurement; graphs of surfaces; use of 
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Tuli kc iees HYDRAULIC CYLINDERS 


-ISTON RODS 


J evént Scratch-Damage, 


aeped Rust FOU R W E EK 
EB | DELIVERY 


SOLID STEEL HEADS, to meet your 
CAPS and MOUNTINGS ( RUSH 
Eliminate Breakage ° 
cylinder 


requirements 





ee ee —" 


= 
o 


. . . now assured by our modern new 
plant with greatly expanded facil- 
ities—devoted exclusively to the 
manufacture of quality cylinders. 


IRT WIPER SEALS Ni felitelolce Mm A-teliil-1am Qt] om) -to] CE 


tect Rods, Seals, Bushings sembly Shown Is Interchange- 
: 7 able With Miller Standard Piston 


Ring Piston Assembly 


MET J.1.C. HYDRAULIC 
STANDARDS years before 
WRITE FOR CYLINDER BULLETINS H-104 and A-105 ° ° ° 
veigihe their adoption in 1949. 
Complete Miller cylinder line includes: air cylinders, 
1%" to 20” bores, 200 PSI operation; low pressure hy- 


draulic cylinders, 12" to 6” bores for 500 PSI opera- SPACE-SAVING SQUARE 


tion, 8” to 14” bores for 250 PSI; high pressure hydraulic nay 4 7 ‘ 
cylinders, 1%” to 12” bores, 2000-3000 PSI operation. DESIGN originated by Miller in 


All mounting styles available. ] 945. 





MILLER MOTOR COMPANY 
SALES AND SERVICE FROM COAST TO COAST | 


HEVELAND © YOUNGSTOWN « DAYTON e« PITTSBURGH « PHILADELPHIA e 
WSTON » HARTFORD « NEW YORK CITY « BUFFALO « ST. PAUL * GRAND | { 
'DS » DETROIT » FLINT * FORT WAYNE « SOUTH BEND « INDIANAPOLIS ‘32006 N. HAWTHORNE AVE. @ MELROSE PARK, ILL. 
MILWAUKEE » LOUISVILLE « KANSAS CITY » SEATTLE * LOS ANGELES « / I 
TOMNCISCO e BALTIMORE « DENVER « ST. LOUIS ¢ MOLINE e CHICAGO ' is 
TON « TORONTO, CANADA and OTHER AREAS AIR & HYDRAULIC CYLINDERS « BOOSTERS -« ACCUMULATORS 


COUNTERBALANCE CYLINDERS 





Surface Finish 





cial instruments (auto-collimator, waviness j 
strument, roughness instrument with ski 
Tomlinson instrument, profilometer, Talysy 
in connection with measurement of differy 
kinds of surface imperfection. (ASM) 


31-45. ‘‘The Measurement of Surface Fy 
ish’’—H. P. Jost; Liverpool Engineering Sociei 
Transactions, v. 65, 1944, pp. 49-70; Iron a 
Steel Institute Bulletin, n. 112, April 1945, » 
154-A-155-A. (ASM) 


32-45. ‘‘Locomotive Practices’’—F. C. ] 
hansen; Engineering, v. 159, April 13, 194 
p. 299. Relation and importance of surfa 
finish to life of parts. 


33-45. ‘‘Brown and Sons Surface Fini 
Measuring Instrument; Topograph’’—Autom 
bile Engineer, v. 35, May 1945, pp. 203-2 
(IAI) 


34-45. ‘“‘Surface Measurement’? — Aircra 
Production, v. 7, n. 79, 81, May 1945, p. 21 
July 1945, pp. 307-308. May: Topograph, ir 
troduced by David Brown and Sons Ltd. (Hw 
dersfield), operates on simple pneumatic pris 
ciple and gives pen-record of profile of surfa 
along selected straight track. July: For mez 
urement of fine surfaces, Pitter Gauge a 
Precision Tool Co. has developed portable o 
tical surface finish analyzer which incorpo 
ates in one unit a light source, an optical sy 
tem, and a reference lens. It is claimed t 
this method ensures absolute accuracy of sw 
face measurement. (EI) 


Model 2K110 35-45. ‘‘Topograph Surface-Finish Measu 
ing Instrument’’—Engineering, v. 159, n. 414 
June 1, 1945, pp. 427-428. Illustrated descri 
tion of machine developed by David Brown an 
Sons Ltd. which operates on simple pneumat 
principle and gives pen record 10 inches lon 
by 5 inches wide, on paper, in 3 minutes, req 
ord being enlarged profile of surface irregula' 
ties along selected straight line. (EI) 


36-45. ‘‘Surface Roughness, Waviness an 
Lay’’—Engineering, v. 159, n. 4144, June I 
1945, pp. 474-475. Editorial discussion of pn 
posed American Standard (B46) for surfad 
roughness, waviness and lay; revision of p 
vious proposed standard distributed in Mard 
CAPACITIES FROM 25 to 110 G.P.M. at 300 P.S.1. 1940. (=r 


37-45. ‘‘Evaluating Surface Finishes” 


Quik: Steel, v. 116, n. 26, June 25, 1945, p. 14 
Accurate and rapid method of determiniy 

EAR DESIGN type and quality of surface finish of mete 

vee SPECIAL % utilizes clear plastic film which ‘‘flows’’ ove 
P ° ° ° . surfaces. Replica then is stripped and surfaq 
Pumping elements are pairs of equal sized helical gears with small examined by passing it through narrow bes 
of light to register irregularities on photoele 


diameter giving low tooth velocity. Gear length provides a long tric cell. (EI) 


wrap around of the tooth form and low helix angle results in 38-45. ‘Surface Replicas for Electron ¥ 
- ° ° . croscopy’’—L. Thomassen and others; Revi 
minimum end thrust. This design — coupled with extremely ac- of Gelenti—i[e Instruments, v. 16, June 


; . . . 155-156. (IAI) 
curate crossed axis lapping — makes the elements smooth running, - 
39-45. ‘‘Surface Roughness’’—L. P. Ta 


efficient, and QUIET! sov; Industrial Diamond Review, v. 5, Ju 
t 1945, p. 162. Relationship of readings to 34 
tual surface profile. (ASM) 


4 
TION 40-45. ‘‘Optical Surface-Finish Meter’’— 
WHEL EXCLUSIVE ROPER VENTURI SUCTIO ee See See Meet 
Meter for fine reflective surfaces manufactur 
AND DISCHARGE PRINCIPLE by Pitter Gauge and Precision Tool Co. 
strument, called PVE ‘‘Critic,’’ is made int 


ion of the Venturi principle causes forms, one being for visual examinatid 
ren~tay P P through microscope, and other arranged {4 


the flow form of oil to spread out across Uy both visual examination and for photograph 
the full width of the gears and fill tooth : | Fecord by means of camera attachment. (© 


spaces completely. Shape of the open-_. ~ <n ‘ a ey an 


ing coordinates oil velocity to gear RL) 3 Details of new “Q’ model of Abbots pi 
, > ai | filometer for measurement of surface rou! 
speed. Results: reduced turbulence, YA, ggg ag ag ag Fee ® 


r efficienc UIET oil flow. representing average roughness of  suria 
= = ae Q measured in microinch units. (EI) 


, 42-45. ‘‘Ultra-fine Surfaces on Metals 
high lead bronze sleeve bearings...hardened steel drive | K. Rose; Metals and Alloys, v. 22, July? 


: . 7" . . pp. 70-75. (IAI) 
shaft ... easily adjusted built-in relief valve available at small 
extra cost... pumps supplied with packed | aft-ts. “Surface Comparison" —Westers & 
. . chinery an ee orld, V. ° uly a 
box or mechanical seal...3 sizesof pumps | p. 311. New process reproduces faithitl 
specified machine finishes. It is a refinem 


R @) F R job-suited to your needs. | ‘on electroforming methods which permit Mt 
| ing with hard metals, and will reproe’ 
; / 
exact facsimiles of surfaces down to 
Pp Send for Bulletin 20 Today millionth of an inch. (ASM) 
a 
—_  ——_ — 


_ 
et } 

44-45. ‘‘Surface Measurement”? — Airc"! 

2.74 WZ, f GEO. D. ROPER CORPORATION | ie eet ea eis om, 907-308. 

az 4Yy LL, Mm 250 Blackhawk Park Ave. | tical meter for fine reflective surfaces. (A* 

ROCKFORD, ILLINOIS 45-45. ‘‘Interpreting Surface Rough 
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ELECTRUNITE TUBING 


Ana you’d scarcely believe the improvements we’ve made in welded steel 
tubing since 1902. 

Over 30 years ago, the famous ELECTRUNITE process of electric welding 
replaced the old-fashioned brazed and gas-welded methods. Today, every 
foot of length, every inch of circumference in an ELECTRUNITE tubular 
product is equally strong, equally resistant to corrosion, equally smooth 
and round. 

We’ve improved techniques and added many products to the ELECTRUNITE 
line, too. At right you'll see examples of all the products we make at our 
big, modern plants in Cleveland and Elyria, Ohio, Brooklyn, New York, 
and Ferndale, Michigan. 

ELECTRUNITE tubular steel products help many industries make things 
stronger ... or lighter to move... or attractive longer... or safer... 
and at lower cost. 

These first 50 years are only a start on new and wonderful developments in 
ELECTRUNITE Stainless and Carbon Tubing for mechanical and pressure ap- 
plications,“ Inch-Marked®” E.M.T. and Conduit for electrical installations. 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION 


By golly!...We’re 50! 










































**inch-Marked” E.M.T... 
Electrical Metallic Tubing 
... light, strong steel 
tubing raceway to protect 
electrical wires against 
fire, moisture,and impact. 


“Dekoron-Coated’’E.M.T. 
for complete, longer-lived 
protection of wires in 
highly corrosive atmos- 
pheres. 





Rigid Conduit... heavy- 
wall steel protection for 
wires in explosive and 
hazardous locations. 


Mechanical Carbon Steel 
Tubing ...made in a wide 
range of grades, sizes, 
and wall thicknesses to 
make ali types of products 
lighter, stronger. 









Stainless Steel Tubing 
and Pipe in a full range 
of sizes, types and wall 
thicknesses for chemical 
and food processing 
equipment, and mechan- 
ical applications. 


A 


Heat Exchanger Tubes, 
both carbon and stainless 
steel, for all types of heat 
exchangers, condensers, 
process equipment, and 
heaters. 





Boiler Tubes for large boilers or 
small, high pressures or low. 











ELECTRUNITE TUBING 























c Three-Stage Hy- 
Converters — 
ster and Son, Inc., 

Seaoe 9% contractors, a 
tbl om RO Sana 
npike 

Ny Hover: on rugged Mode 


KX-25T Buffalo- -Springhe 
rollers—3-4* 


le tandem type 
working. weight from 14 to 
tons—the 


Twin Disc agree 
ifti 
jiminate ridge- -producing s 
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—provide 4 smoot 


h, even power 
flow which prevents ro 


ller slip- 
and sudden starts and stops: 
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gfield chose _— 
rters be- 
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stepless torque muittP 
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Twin Dis 
draulic Torque 
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smooth, 
tion, up to s#* . 
By combining 


torque input. 
uch pio nee ring 


How to Frustrate a Mechanical 


\ Wrinkle Sleuth” 


No Bong—No Bump! this “wrinkle 
sleuth” rings the bell when the pavement is too 
bumpy. It doesn’t ring so often since torque-con- 
verter-equipped rollers are making smoother roll- 
ing—smoother roads—and ther brows 9 
contractors, public officials, vehicle owners—and 
other taxpayers! 





with manufacturing know-how and 
an unmatched service system, Twin 
Disc has become the largest manu- 
facturer of industrial friction and 
fluid drives. Engineering, and parts 
and replacement service are quickly 
available from 8 Factory Branches, 
60 Parts Stations and 67 Hydraulic 
Drive Dealers. 


















CF (Clutch Type) 
Torque Converter 
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CLUTCHES AND ‘WyoRauUC ORIVES 
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TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 


BRANCHES: CLEVELAND + DALLAS © DETROIT + LOS ANGELES + NEWARK + NEW ORLEANS + SEATTLE + TULSA 


HYDRAULIC DIVISION, Rockford, 


Iinois 
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Surface Finish 
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Readings’’—L. P. Tarasov; MACHINE Dzsicn. 
v. 17, August 1945, pp. 137-138. Shows how 
roughness measurements can be converted to 
linear microinches that can be visualized 
readily and handled in the same manner as 
any other linear dimension. (ASM) 





46-45. ‘‘Rugosimeter; Instrument for Meas. 
uring Surface Roughness of Calendered Sheet 
Rubber’’—M. Mooney, Industrial and Engineer. 
ing Chemistry, Analytical Edition, v. 17, Au- 
gust 1945, pp. 514-517. Excerpts. Rubber Age, 
v. 57, September 1945, p. 724. (IAI) 





47-45. ‘‘Optische Verfahren zur Pruefung 
der Oberflaechenguets’’ — B. Frischmuth: 
Schweizer Archiv, v. 11, n. 9, September 1945, 
Pp. 262-269. Optical method for testing surface 
quality; illustrated description of various 
methods; details of auxiliary device with 
which, in combination with standard meta! 
microscope, straightedge shadow method of 0. 
Schmaltz can be employed. (EI) 





48-45. 
ard Definitions and Symbols; 
Facts’’—Metals and Alloys, 
1945, p. 775. (IAI) 


‘“*Surface Roughness; Proposed Stand- 
Engineering File 
Vv. 22, September 








49-45. ‘‘An Instrument for Recording Sur- 
face Waviness’’—-Machinery (London), v. 67, 
September 20, 1945, p. 327. Records waviness 
of a flat or curved surface, as instrument is 
moved over the face of the test piece. Contact 
with the surface is made by a small stee! bal! 
set in a sliding spindle. The latter is attached 
to a recording arm giving a continuous record. 
A suitable ratio of magnification is 50 to 1, 
and the record may be magnified again by 












about 50 when under optical examination. 
(ASM) 
50-45. ‘‘Electron Microscopic Investigation 






of Surface Structure’’—Robert D. Heidenreich; 
SAE Journal, v. 53, October 1945, pp. 588-594. 
Technique applicable to the study of the sur- 
faces of rigid solids. Includes examples of 
structure of the bulk material as revealed by 
suitable etching techniques (metallography) 
and structure of the surface regions as they 
affect such factors as friction and wear, cor- 
rosion, adhesion of paints, and surface films. 











(ASM) 

51-45. ‘‘A Bibliography on Methods for the 
Measurement and Specification of Surface 
Finish’’—Department of Munitions, Munitions 





Supply Laboratories, Commonwealth of Austra- 
lia, Maribyrong, Victoria, August 1945. One 
hundred articles, including outstanding papers, 
published between 1931 and 1945 have been 
abstracted. 












52-45. ‘‘Measurement of Finely Finished 
Surfaces by Optical Interference’’—C. Timms; 
Journal of Scientific Instruments, v. 22, 2. 
12, December 1945, pp. 245-246. Method of 
measuring depth and pitch of fine surface ir- 
regularities as produced by lapping or similar 
refined processes by use of optical interference 
It is strictly limite? to fine finishes where 
surface irregularities do not exceed approxi- 
mately 0.00001 in. in total depth. (EI) 


53-45. ‘‘Les Etats de Surface’’—L, Robida 
Technique des Industries Mecaniques, 1945 
pp. 51-55. Surface state of metals; definition: 
macro and microgeometrical deformations of 
surface; measurement by means of optical. 
electric or pneumatic methods; state of sur 
face from physicochemical point of vieW, 
Chrysler superfinishing process. (EI) 


54-45. ‘‘Rational Specification of Surface 
Finish’’—W. A. Tuplin; Journal and Proceed- 
ings of the Institution of Mechanical Engi 
neers, V. 153, 1945, (War Emergency Issue No 
10), pp. 340-341. Relation between pen record 
and bearing area; existing methods of 
specification of roughness. Paper for Symp 
sium on Surface Finish. (ASM) 


55-45. ‘‘A Short Review of Surface Finish 
in Relation to Friction and Lubrication’’—D 
Clayton; Journal and Proceedings of tre I" 
stitution of Mechanical Engineers, Vv. 153, 
1945 (War Emergency Issue No. 10), py. 332 
334. Surface roughness as a pertinent facto! 
with boundary and dry lubrication and vat 
ous practical cases of mixed lubrication. Pape! 
for Symposium on Surface Finish. (ASM) 









56-45. ‘‘A New Evaluation of Surface 
Finishes’’—-W. F. Klemm. The Tool En ineer, 
v. 14, mn. 11, June 1945. Determination © 
surface finish by visual comparison with 
known standard. The comparison is made 
with a dual microscope. 
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Brush manufactured for Calkins Manu- 
facturing Company, Spokane, Wash., by 
S. A. Felton & Sons, Manchester, N. H. 


DU PONT 
NYLON BRISTLES. 


> 
’ 


REG Us. Par. OFF 


BETTER THINGS FOR BETTER LIVING 
. +» THROUGH CHEMISTRY 





does superior job...lasts longer 
... cuts maintenance cost 






To prevent disease in new plants and increase their 
yields, seeds are treated with a slurry of a chemical 
mixture to destroy seed and soil-borne spores, molds 
and other harmful growths. In treating the more 
fragile seeds, a brush agitator is used to prevent dam- 
age to the seeds while mixing the slurry and seeds to 
coat each seed uniformly. But the abrasion and mois- 
ture conditions caused ordinary bristles to soften, lay 
over and lose efficiency. Replacements were frequent. 

In designing the agitator, this machinery manu- 
facturer turned to Du Pont nylon bristles with out- 
standing success. Nylon bristles have properties ideal 
for the job. Their smooth, uniform surfaces do not 
harm the most fragile seeds. They stay resilient, don’t 
mat down or break off . . . are durable, easy to clean 
and sanitary ... give better, longer-lasting service at 
less cost. At the present time, nylon bristles are the 
only material used for treating fragile seeds by the 
slurry method. 

This is just one example of where a manufacturer 
found that nylon brushes can do a faster, more efficient 
job than previous methods. Perhaps the strength of 
Du Pont nylon bristles . . . their resiliency and other 
valuable properties can help you improve or develop 
a product. For further information, write: 


E. 1. du Pont de Nemours & Company (Inc.) 
Polychemicals Department, District Offices: 
350 Fifth Avenue, New York 1, New York 
7 S. Dearborn St., Chicago 3, Illinois 
845 E. 60 St., Los Angeles 1, California 
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74 
which 
roller 
bearing 
as best 


for your 
problem ? 


. obviously one that is best suited to your machinery’s particular 
requirements. You would want maximum capacity, smooth pre- 
cision performance, long life, dependability with the least mainte- 
nance and of course an adequate range of sizes. McGill MULTIROL 
Bearings have been delivering this insurance for successful machin- 
ery for over 20 years. With today’s increasing production demands 
it will pay you to specify MULTIROL. Write for complete informa- 
tion in the new McGill Catalog No. 52 today. 
































Materials Handling 






Towing Attachment: Slips ove 
forks of lift truck and is secure} 
fastened by a chain. A cross men 
ber, having a three-inch hole j 
the center, serves as engagin 
plate. For use on 6000 to 10,00 
lb capacity fork-lift trucks. Maka 
possible the moving and position 
ing of empty semi-trailers. Clarj 
Equipment Co., Industrial Truck 
Div., Battle Creek, Mich. 


Revolving Carriage: Towmoto 
attachment for rotating loads 36 
degrees in either direction. Handle 
solid, liquid or granular materials) 
Mounted on the forks, a containe 
can be emptied in approximately j 
seconds. Speed and direction of 
rotation are touch controlled. Tow. 
motor Corp., Cleveland, O. 


Side-Shifting Ram: Attachment 
for straddle type Raymond electrit 
tiering truck. Handles any mate 
rial which has a center opening. 
Can move 3 in. laterally either side 
of the center of the truck’s mast. 
This lateral movement, plus rais- 
ing and lowering the mast, permits 
perfect alignment in placing ram 
in the center of material to be han- 
dled. Furnished with standard 
tractor. Highly maneuverable; 
may be used in aisles as narrow 4 
6 ft. When mast is raised, ram 
has maximum elevation of 130 in 
The Raymond Corp., Greene, N. Y: 

Ram Attachment: For rapid 
handling of coiled wire, reeled 
cable, rolls of paper, large pipé 
wheel castings and other heavy 
materials with open centers. Loads 
can be picked up or deposited 4 
any height within lifting range 
Ram is suspended from fork sup 
port bar; can be used with aly 
Towmotor lift truck. Towmotor 
Corp., Cleveland, O. 


Free-Lift Upright: For Hyste 
Model 20 lift truck. Unit can ele 
vate load without increasing over 
all height. For use where there 
a minimum overhead clearanct, 
and where the inner upright of 
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AMERICAN WELDING & / 


MANUFACTURING CO. - WARREN, OHIO 


Send for your copy LET US SEND YOU MORE FACTS OR \ // 


of our 20 page 
illustrated catalog BETTER YET SEND US YOUR SPECIFICATIONS NN 


FOR PROMPT QUOTATIONS 





: MACHINE DESIGN—October 1952 





, UTHILL MODEL L PU 
expr at 


: -TUTHILL MODEL C PUMPS 
vs 


TUTHILL MODEL CK PUMPS 


TUTHILL MODEL M PUMPS 


FOV TUTHILL MODEL R PUMPS 


os Lee S 


TUTHILL MODELS S ond 
SA PUMPS 


right pump for the job, Tuthill offers the 
handy new Pump Guide. . . a letterhead- 
size table which gives you full details on 


the complete line of 
Tuthill Pumps. 


TUTHIL 


Tuthill positive displacement internal-gear rotary pumps are serving 


industry on machine tools, engines, speed reducers, compressors, hydraulic 
mechanisms, special machinery and oil-burning equipment. 





To make it easy for you to choose the 


Write for your 


PUMP GUIDE today! 


PUMP COMPANY 


939 East 95th Street, Chicago 19, Illinois 












New Machines 





standard model would strike 
structions before the load could} 
elevated to the desired stackiy 
height. Typical applications ; 
clude loading and unloading by 
cars and van trucks, and worki 
under low doorways, ceilings a 
balconies. Assemblies available ; 
92 and 116-in. lift heights; als 
available on special order in highe 
lifts. Hyster Co., Portland, Ore. 


Metalworking 


Grinding Attachment: For su: 
face grinders. Makes possibi 
grinding of cylindrical and angul 
forms. Index plate with 24 di 
visions is provided for grinding 
parallel flats or angles. Plata 
having up to 360 divisions a 
available. All indexing is done # 
handle end of spindle. Tapers can 
be held to closest tolerances 
through two-way, 5-in. sine bar ar. 
rangement, with which angles ca 
be duplicated. Has spindle speeds 
of 200, 400 and 700 rpm. Capac 
ity between centers, 71% in. length, 
6% in. diameter; collet capacity, 
5g-in., with 1%-in. hole through 
spindle. The DoAll Co., De 
Plaines, Ill. 


Hydraulic Contouring Attach: 
ment: For Springfield lathes for 
turning, boring and facing 
shafts, axles, rotors and _ other 
parts with varying diameters, 
shoulders, tapers, radii and flanges. 
Supported and guided adjustable 
template holder places templates 
at the front of the lathe. Simple 
clectromechanical speed contro! 
foverns a variable-speed headstock 
drive motor and maintains con 
stant cutting speed as the lathe 
follows varying contours. Change 
over from standard operation t0 
contouring is made simply by sub- 
stituting the hydraulic compound 
rest for the standard rest. The 
Sovringfield Machine Tool (0. 
Springfield, O. 


Center-Locating Vise: Centr 
Finder consists of two opposed 
pneumatic cylinders mounted on 4 
cast iron base with master jaws 4 
the ends of the piston rods. Jaws 
travel along guides; movement 
both jaws is mechanically sy* 
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The one best way 


to take 


The simplest and most direct way to 
provide for radial bearing loads is to 
design with radial bearings. 


In a straight cylindrical radial bear- 
ing, no radial load-carrying capacity is 
sacrificed to provide for other condi- 


tions. As a result, when you design in 
radial bearings, you achieve the great- 
est possible radial load-carrying capac- 
ity within given boundary dimensions. 
More practical design, longer bearing 
life and simplified assembly pro- 
cedures usually result. 
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radial loads 


If the application involves radial 
loads, design with Hyatt Roller Bear- 
ings—the most complete line of radial 
bearings available anywhere. 


* * * 


Take advantage of the design flexi- 
bility offered by the wide range of sizes 
and types of bearings in the Hyatt line. 
If you are not familiar with the com- 
plete Hyatt line, write for our general 
catalog No. 150, Hyatt Bearings Divi- 
sion, General Motors Corporation. 
Harrison, New Jersey. 
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& COMPANY, INC. 


ANNOUNCING... 


ual 


OIL HARDENING TOOL STEEL 


WL introduces “Whelco”—a new tool steel of M 
grade — a new steel of maximum toughness, hard- 
ness and strength —a steel to assure maximum 
results at low cost! “Whelco” offers great penetra- 
tion of hardness, great toughness at high hardness, 
wide hardening range, fine grain structure, and de- 
sirable non-deforming characteristics. “‘Whelco” 
has good forging properties and is readily machin- 
able in the annealed condition. All WL warehouses 
stock “ Whelco” M tool steel in a wide variety of 
flats and squares. Call your nearest WL man for a 
trial order — the results will speak for themselves! 


WL steels are metallurgically constant. This 
guarantees uniformity of chemistry, grain size, hard- 
enability —thus eliminating costly changes in heat 
treating specifications. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


WHEELOCK, 


LOVEJOY a. Service 


CAMBRIDGE «+ CLEVELAND 
CHICAGO + HILLSIDE, N.J 
DETROIT « BUFFALO 
CINCINNATI 


In Canada 
SANDERSON-~-NEWBOULD, LTD., MONTREAI 


and AISI 
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133 Sidney St., Cambridge 39, Mass. 
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and Cleveland « Chicago ¢ Detroit 
Hillside, \.J. ¢ Bullalo « Cincinnati 
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chronized. Machine operates on j 
to 100 lb air pressure, depending 
upon the force desired at jaws 
Delivered pressure on the work js 
the total pressure exerted by both 
cylinders. Clamping pressures w 
to 2000 lb may be obtained. Jay 
tolerance from established center. 
line is plus or minus 0.001-in. a 
any dimension of jaw closing, with 
a working range of 0 to 4 in. Thus 
workpieces are centered horizontal. 
ly and vertically regardless of 
shape. Jaws are independently 
adjustable from centerline to ac. 
commodate workpieces other than 
symmetrical. Requires less than ? 
sq ft of bench space and one air 
line connection to a four-way valve, 
Black Drill Co. Inc., Cleveland, 0. 


Mortising Attachment: Consists 
of fence assembly which bolts to 
drill press work table, a mortising 
chisel holder which clamps to drill 
press quill, and mortising chisels 
and bits in 144, 3% and 14-in. sizes. 
The two guide arms, which are at- 
tached to the fence, adjust sep 
arately to handle irregularly 
shaped pieces. Fence has 1-in. in- 
dependent adjustment on the base. 
These flexible adjustments give at- 
tachment up to 5 11/16-in. capacity 
under forked hold-down and as 
much as 4 7/16-in. between guide 
arms and fence. South Bend Lathe 
Works, South Bend, Ind. 


Honing Machine: Bench model 
for production honing of keyways, 
spline gears, most broken surfaces 
and internal finishing operations. 
Features spindle speeds of 400 to 
1000 rpm with no changing o 
belts, honing range from 0.185 to 
2.500 in. in diameter, permanent 
mandrels that fit spindle with bay: 
onet lock. Has 1/3-hp, 110-v. 60- 
cycle, single-phase motor. Size: 2 
in. high, 13 in. wide, 1614 in. deep. 
Companion portable coolant unit 
available. Adaptable to any dry 
honing machine; mounts on )rack- 
ets. Weighs 44 lbs, has splas/ pa! 
214%, by 30%, in. Superior Hone 
Corp., Elkhart, Ind. 


Precision Thread Grinder: Larz¢ 
capacity machine for grinding 
threads, worms and other /orms 
Grinds single or multiple threads 


| left or right-hand, in any pite) 
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SILICONE ‘'O”’ RINGS 


Good News For 
Today’s Designer 


Results from a recent survey show the 
successful use of a variety of silicone 
compounds in seal applications never 
attempted before with a resilient mate- 
rial because of temperature limitations. 
According to Linear, Incorporated, of 
Philadelphia, Pa., a principal manufac- 
turer of “O” Rings, one group of silicone 
compounds have been designed for gen- 
eral use at temperatures ranging from 
—65° to +500°F. Modifications of the 
general purpose stocks have produced 
several compounds with extreme low 
temperature flexibility. Other types pos- 
sess a Maximum resistance to compres- 
sion set over a wide temperature range. 


Chart Tells The Story 


SILICONE RUBBER STOCKS 











; Elon- Temp. Com- 
Linear | ness [Strength] gation Range pression | Color 
Style [Shore A] Min. | Min. CF.) Set* 
No. | Scale !(P.S.1.)! (%) 
7K-50 | 50 400 100 |—65 to+400 | 10 to 20 | Red 
TA-60 60 400 150 |—65 to+400 |50to 70 [White 
mM-70} 70 500 75 |—65 to+400 | 15to25 [Gray 
7N-80 | 80 600 50 |—65 to+400 | 20 to 35 | White 
77-60 60 350 130 +125 to+400 | 30 to 50 | Red 
70-60 | 60 350 150 |—85 to+400 [40 to 60 | Red 
16-45 | 45 550 250 +125 to+400 | 40 to 60 | Red-Tan 
23-60 60 500 70 }|—65 to-+400 | 20 to 30 | Red 
7P-80 80 550 50 |—70 'o-+400 | 60 to 80 | Gray 
78-80 | 80 550 50 |—70 to+400 | 25 to 30 | Gray 
wv-50} 50 600 225 |—65 to+400 | 65 to 75 | Neutral 
* Method B 22 hous at 300°F 























Notes: 

1. Temperature range values are based on actual 
experience in the field and the silicone rubber 
will perform very satisfactorily within these 
ranges over long periods of time. Intermittent 
temperatures as high as +500°F. are not 
harmfulin most applications, but will shorten 
the ultimate life of the rubber. 

2. All other values were determined at room 
temperature according to A.S.T.M. pro- 
cedure. For silicones, room temperature val- 
ues are retained with relatively little change 
over a wide temperature range. Therefore, 
they can be used with some assurance in 
selecting compounds for specific applications. 


Successful Usage Today 


Silicone “O” Ring gaskets have proven 
to be highly successful as static sealing 
parts on a wide variety of equipment 
subject to extreme temperature condi- 
tions, oxidation, or to prolonged weather- 
ing. Silicone seals are giving outstanding 
service on certain types of aircraft shut- 
off valves which control the in-take of 
hot air from the intermediate stages of 
jet engine compressors under 500°F. 
operating conditions. Further investiga- 
tion indicates the use of silicone “O” 
Rings on outdoor flood-lights, steam 
irons, transformers, geophysical equip- 
ment and diesel engines. 


Research For Tomorrow 


Linear Incorporated is continuing its 
Research Program to develop new sili- 
cone seals to meet the increasing demand 
for elastomers having a wide variety of 
physical properties. The future indicates 
that there will be expanding require- 
ments for the many em offered 

by silicone as an outstanding engineer- 
ing material for sealing purposes. 























GASKET 
SPECIFICATIONS: 














e MUST WITHSTAND TEMPERATURE 
VARIATIONS OF —125°F. to +400°F. 


e MUST BE MOISTURE RESISTANT 


e MUST WITHSTAND SEVERE THERMAL 
AND MECHANICAL SHOCK 



























LINEAR 


SILICONE ‘“O”’ RING GASKETS 
MEET TOUGH SPECIFICATIONS 








LINEAR Silicone “‘O”’ Rings help the design engineer solve any 
number of unusual specifications. The ability to withstand 
extremes in temperature, for example, is typical of the high 
flexibility of this seal. 

In this application, the need was for a gasket with a flexibility 
that could resist heat as high as +400°F. or cold as low as 
—125°F. Complete elimination of moisture, oxidation, ther- 
mal and mechanical shock to lens and bulb of the searchlight 
was an absolute must. 

The sales potential of this product has been strengthened with 
LInEaR Silicone “O” Ring Gaskets. No longer do gaskets 
deteriorate rapidly, permitting moisture to enter socket... 
no longer do bulbs break because of thermal or mechanical 
shock . . . no longer is it necessary to replace gaskets whenever 
a bulb needs replacing. LINEAR “‘O” Rings keep a tight, mois- 
ture-proof seal throughout all extremes of weathering—they 
do not become gummy or stick at high temperatures. 

To lower costs and reduce sealing maintenance, consult LINEAR 
for all your sealing requirements. 
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LINEAL? 


STATE ROAD & LEVICK STREET, PHILADELPHIA 35, PA 






LINEAR, Inc., 
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SOLVE ALL YOUR CLUTCH PROBLEMS WITH 


THE CARDWELL “FLEX-DISC” AIR CLUTCH 


NG PARTS TO WEAR 


WILL NOT CLOG AND BURN OUT 


COMPACT DESIGN—LESS SHAFT SPACE 


NO DRAG WHEN DISENGAGED 


Standard clutches available in sizes from 12” to 
33%" diameter, single, double or triple plate — 
with capacities ranging from 9,000 to 1,080,000 
inch pounds. Our engineers will cooperate on the 
application of these standard, special size and 
larger clutches for your equipment. 


CARDWELL MEG CO INC PT inas: 


Pie 0} Long Distance Telephones 128 129 134 ) SERVING 
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Wichita, Kansas, US A 
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Durakool 
a dependable 


10 YEAR SWITCH 


Steel-clad with mercury to mercury contacts, the 
Durakool hydrogen filled switch is performing 
with sensational dependability. 


% Millions of contacts without a falter 
%& Positive “Make and Break" contact action 
%& Withstands high temperatures 
%& No deterioration in storage 
%& Seven new models—! to 65 amperes 
%& Smaller in size, increased capacity 





yo 
eo «/Durakool 


MERCURY SWITCHES 


See Telephone Directory for Local Distributor or 
write 
Durakool, Inc. Elkhart, Indiana 
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from 1 to 128 threads per inch, 
Can be used with single or multi- 
ple-rib grinding wheels. Attach. 
ment for grinding internal threads 
also available. Work spindle can 
be indexed for grinding multiple. 
start threads and worms. Auto- 
matic jndexing attachment also 
available. Automatic functions in- 
clude feed to finish size, wheel 
dressing, wheel-position compensa- 
tion and resumption of grinding 
cycle after dressing, backlash com- 
pensatie=, control of coolant flow, 
lubrication, and wheel retraction at 
the end of grinding cycle. Ex-Ceil- 
O Corp., Detroit, Mich. 


Backstand Idlers: For polishing, 
grinding, etc. Air-operated cylinder 
maintains a constant preset tension 
on abrasive belt. Regulating valve 
enables operator to match tension 
requirements. Air cylinder acts as 
shock absorber. Model 505 has 
large rectangular base with four 
slotted bolt holes so that distance 
of idler unit from contact wheel 
may be initially adjusted without 
removing bolts. Size: 40% in. high, 
22 in. wide, 343 in. long, 3554 in. 
high from floor to center of idler 
pulley; weighs 260 lb. Model 510, 
with wall mounting, is 27 in. high, 
19 in. wide, 30% in. long; weighs 
215 lb. Specifications of both mod- 
els include: Idler pulley diameter, 
834 in.; idler pulley width, 6 in.; 
lateral adjustment to align with 
drive pulley, 214 in.; speed, up to 
10,000 sfpm. Porter-Cable Machine 
Co., Syracuse, N. Y. 


Surface Grinder: For toolroom 
and production work. Has wheel 
10 in. in diameter by 1 in. wide 
mounted on a 2-in. diameter spindle 
22 in. long, running at 1740 rpm. 
Diamond truing device is mounted 
on wheelhead. Table has working 
surface 8 by 18 in. and longitudinal 
travel of 19 in., operated either hy- 
draulically or manually. Saddle has 
crosstravel of 914 in. Crossfeed is 
automatic in increments up t0 
0.050-in., actuated by  trip-dogs 
with automatic disengagement at 
any desired point. Wheel for hand 
operation of crossfeed is calibrated 
in divisions of 0.001-in. in normal 
position; fine-feed device ive 
readings down to 0.0001-in. Wheel- 
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PRODUCT 


WELDED DESIGN 
ALWAYS SAVES STEEL 


© LE Co, 1952 
AND LOWERS COST 


IN 








Stronger, more rigid. Weighs 


only 43 pounds. Material Cost $2.50; 


. 


for processing machine. Weighed 67 
sign — 


pounds. Material Cost—$15.05; Ma- 
chining Cost—$7.34. Total Cost $22.39. 
Fig. 2—Present Welded Steel De- 


Fig. 1—Original Construction— Base 
Fabrication—$9.77. Total Cost—$12.27. 









POSSIBILITIES 


IN DEVELOPING 





INCENTIVE-INSPIRED CO-ACTION 





PLANT CREATED BY 


LINCOLN 


NEW 
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Cleveland 17, Ohio 
S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 


Machine Design Sheets available on request. Designers and Engineers write on your letterhead to Dept. 19 
THE LINCOLN ELECTRIC COMPANY 
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BALL BUSHING 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design and performance with 
BALL BUSHINGS! 


Now manufactured for '/,", 1/2", 3/,"°,1", 11/2” and 21/2” 
shaft diameters. 


LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE * LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 
Dept.E MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
representative in your city. 


Also manufacturers of NYLINED Bearings — DuPont NYLON 


within a metal sleeve—for rotation and reciprocation. 
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head has power rise-and-fall move. 
ment operated by separate 1-hp 
motor for rapid setting; has maxi. 
mum travel of 12 in., giving a 
clearance of 10 in. between top of 
the table and periphery of a ney 
wheel. Slideways have long, nar. 
row guides. Cross movement of sad. 
dle is controlled by narrow guide in. 
dependent of flat ways which carry 
the weight. Floor space required, 
81 by 60 in.; weight, 3920 lb. 
Arthur Scrivener Ltd., Birming. 
ham, England. 


Punch Presses: Four or five-ton 
capacity. Features include 12%;-in. 
throat, variable-speed control by 
single adjustment for from 90 to 
280 strokes per minute; ram clamp 
with square hole adjusts from 1 
to 1 9/16 in.; clutch-drive safety 
shears at excessive overload; non- 
repeat safety mechanism which 
eliminates possibility of double 
trips; 3-in. drop in movable bed 
to accommodate larger dies or die 
sets. Can be used for standard die 
space, extended die space, as 4 
half press and as a horn press. 
Kenco Mfg. Co., Los Angeles, Calif. 


Testing and Inspection 


Torque Tester: For measuring 
torque transmitted through small 
instrument ball bearings under 
thrust loads. Quality control check: 
shows how torque of a small ball 
bearing varies as a function of 
angular position during a continv- 
ous slow rotation in either diret: 
tion. Determines bearing torque by 
measuring current drawn by a tor 
que motor in counterbalancing the 
bearing race torque as indicated by 
an electromagnetic pickup. Can de- 
termine number and magnitude of 
peaks, average friction, and tend 
ency to bind under load. Bearing 
to be tested is inserted in an ad 
apter and both are then mounted 
in tester. Inner race is clamped 
shaft of the device; outer race is 
rotated one revolution in either 
direction by a drive motor. Torque 
from outer race is transmitted 
through ball bearings to inner rae 
and shaft, tending to rotate shaft 
assembly and angularly displace # 
electromagnetic pickup. A_ sign! 
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OR OTHER APPARATUS INVOLVING AIR, STEAM, 
WATER OR OTHER FLUID CONTROL 
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Remember 


VALVES, A MINOR FACTOR 
IN COMPONENT COSTS, 
ARE A MAJOR FACTOR 

IN CUSTOMER SATISFACTION 





















































- Think what this means in simplified plan- 
ie ning and production for you, and simpli- 
oak fied maintenance for your customers. It’s 
ball a big reason why the Fig. 106-A series 
a takes top honors in any poll for valve 
on. preference. And Jenkins design makes 
som vO Mow them the longest lasting, lowest upkeep 
wie valves that money can buy. 
tor- TO GIVE YOUR PRODUCT Let Jenkins valve specialists help you 
the plan piping for your product. Modifica- 
1 by AND ITS PURCHASERS, tions of standard valves for special serv- 
de- ices can be provided when required. Send 
> of THE EXTRA VALUE OF coupon today for information. 
ond- 
“1 eoeeoeeeeteee ee @ 
ad- J 

f valve- 
ted If you are a buyer © ait JENKINS BROS., 100 Park Ave., New York 17 
| to equipped products, rem ¢ Send data sheets on Valves (type) 
» is that Jenkins Valves are o wri = _ sc cusessccensennzsnunesensesennecenene 
liable sign of good desig 7 = eo ( | ESTES LT ER 
“ throughout. MNCs sesceeneseneeeseeenseenecenseenneecneenneevnne 
I — rrr i cece eee 
aD 
nal GATE * GLOBE * ANGLE * CHECK * RAPID ACTION GATE AND GLOBE + NEEDLE * AIR GUN 
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5000 PSI PUMPS 


Rugged, high-pressure, high-volume 
pumps of hydraulically balanced ax- 
ial piston design, for circuits de- 
veloping up to 5000 psi. Constant 
or variable volume. Three sizes; 
volume capacities, 10, 20 and 35 
gpm. Four types of volume control 
—handwheel, pressure-compensating, 
stem, or cylinder. Face, flange or 
foot mountings. Catalogs P-4-1, 
P.4-2, P-4-3 


2500 PSI, 9 GPM PUMPS 


Compact, economical constant-vol- 
ume pumps of high efficiency. Hy- 
draulically balanced axial-piston de- 
sign. Three models offer capacities 
ranging to 3000 psi, 1800 rpm, 9.5 
gpm. Catalog P-4-10 


MOTORS 


HIGH-TORQUE, FLUID MOTORS 


Powerful, high-torque, axial piston 
type. Three sizes; torque ratings up 
to 5585 inch-pounds, or about 160 
hp. Speeds to 2000 and 3000 rpm. 
Compact — largest size only about 
one foot in diameter. For circuits to 
5000 psi. Catalog FM-3 


COMPACT FLUID MOTORS 


A fixed-stroke axial piston motor 
with high torque of 510 inch-pounds 
maximum — about 24 hp. Operates 
at maximum 3000 rpm; pressures to 
2500 psi. Small, compact, efficient. 
Catalog FM-2 








DENISON 
72 40)\ were 


for circuits developing up fo 


. 
5000 psi 
° 
“The Finsat, Monoy, Con Buy! 
The typical Denison HydrOILic Pumps 
and Controls shown here have proved 
their extra capacity for continuous, heavy- 


duty service. Many are built for 5000 psi 
duty, yet cost no more than other makes 


of lower rating. 


Comparison will prove to you why more 
and more users, year after year, insist on 
Denison HydrOILic Pumps and Controls 
for circuit needs of every type. Write for 
bulletins covering your needs. 


The DENISON Engineering Co. 
1156 Dublin Road, Columbus 16, Ohio 














SMALL SERIES 


Self-contained, vertically mounted units for 2 to 11 gpm requirements. 
Single-panel assembly of operating components. 15 models cover any circuit 
need from 400 to 3000 psi. 16 to 35-gallon reservoir capacities. Automatic 
water-cooled oi! coolers available for heavy, continuous service. Bulletin PU-3 


LARGE SERIES 


High-pressure pumping units in 22 models for circuits up to 5000 psi. Axial 
piston pumps. Constant or variable-volume delivery of 10, 20 and 35 gpm 

- volume control by handwheel, stem, or pressure compensation. All oper- 
ating components mounted on reservoir top. 2-pass automatic heat exchangers, 
available for extra heavy duty. Bulletin PU-4 


360 


CONTROLS 


\, ” to 1 1 Vy!" 
DIRECTIONAL CONTROLS 


Rugged, hydraulically balanced, 4- 
way valves for all requirements to 
5000 psi. Seven standard spool com- 
binations; threaded or subplate body 
types. Seven types of controls for 
valve operation — manual, hand le- 
ver, mechanical stem or cam, hy- 
draulic pilot with or without throttle 
control, and single or double elec- 
tric solenoid. Catalogs VD-3, VD-2, 


vo-4 


POSITIVE PILOT OPERATED 
4- WAY VALVE 


A solenoid-controlied 4-Way Valve 
that eliminates spool-sticking dur- 
ing long, high-pressure holding cy- 
cles. System . pressures shift valve 
spool; solenoid operates pilot valv- 
ing only. Catalog VD-1-1 


¥,/" to y 


PRESSURE CONTROLS 


Denison relief, sequence and unload- 
ing valves provide closer control of 
system pressure with low differen- 
tial between opening and closing 
pressures. Available in three pres- 
sure ranges for circuits developing 
up to 5000 psi. Choice of threaded 
body, subplate, or flange-type 
mountings. Catalog VR-2A 


A 


SURGE DAMPING CONTROL 


Prevents destructive pressure shock 
in high-pressure hydraulic systems. 
Small, compact, light in weight . . . 
does not interfere with normal func- 
tion of other hydraulic components. 
Adjusts automatically to any work- 
ing pressures; cannot slow down cy- 
cling time. Industrial and Aircraft 
models — 1/4” to 1” Catalog VS-1 


PRESSURE REDUCING VALVES 


For reduced pressure in secondary 
circuits without surge or fluctuating 
Pressures caused by higher pressures 
of primary circuit. New Exclusive 
design features. For circuits develop- 
ing up to 5000 psi —20 gpm to 
65 gpm. 34”, 144”, and 1p” 
sizes. Threaded, flange or subplate 
mountings. 
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proportional to this displacement 
generated in the pickup and dejj 
ered through an electronic cire 
to a torque motor. The motor ga 
erates a counterbalancing torq 
and, since the two forces tend j 
equal each other, the motor cy 
rent is a reliable measurement ¢ 
the transmitted bearing  torquy 
Data can be recorded on a recor 
ing milliammeter or indicated , 
a microrelay. Operates on 115- 
60-cycles. Size of mechanical uni 
6 by 914 by 6 in.; weighs, 131, } 
Size of electronic unit, 17 by 8 
by 914 in.; weight, 2114 Ib. Size 
recorder (optional with tester), | 
by 13 by 11 in.; weight, 35 Ib. Ge 
eral Electric Co., Schenectad 
N. Y. 


Welding Analyzer: Direct-writ 
ing instrument records singld 
phase and three-phase resistance 
welding machine variables. Cu 
rent and electrode force are meas 
ured and recorded simultaneous! 
and show squeeze, weld, hold, an 
off time intervals. Also records th 
small 180-cycle per second com 
ponent present in the three-pha 
welding machine current when igni 
tron rectifiers are used. Weldin{ 
machine can be adjusted as mea 
urements are being made, since in 
formation is recorded on direct 
writing oscillograph. Analyzer cal 
record at 180-cycle per second fre 
quency for three-phase timing pur 
poses. Operating variables of r 
sistance, spot, projection and seal 
welding machines can also be re¢ 
orded. The Brush Development Co. 
Cleveland, O. 


Surface Resistan.e Indicator 
Measures surface electrical resist 
ance, directly in microhms, 4s 4 
criterion of the effectiveness of 4 
cleaning process. Designed fo 
measuring resistance of aluminum 
also measures other materials wit 
low surface resistance. Direct]! 
measures total surface resistane 
of two sheets, or coupons, whe! 
placed between two self-contained 
electrodes. Resistance values of 
to 100 microhms can be read direct 
ly; resistance of 100 to 1000 mic 
rohms may be read indirectly. Re 
sistance as low as one-millionth # 
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extra operating stamina 
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For circuit needs up to 2000 psi 






Complete Radial 1 , 
Balance Every feature of Denison’s compact, dual-purpose 













f Pia tsstty tetenced vanes sodens Pump/Motor is designed to stand up longer under con- 
- pur lod on the cam ring and retain low tinuous, heavy-duty service at 2000 psi. 
sa Coding characteristics at all operat- : . Simplified 
r J 
Tees ts akties tole a> Hydraulically balanced vane and rotor action means =tnete damaniaiis 





seal 
» rec 
t Co. 


houst and inlet ports provide radial Smooth, uniform, radially balanced operation. It as- simplified construction featuring only 
tolance for the rotor. The combina- sures minimum wear on both the vanes and the cam __ three major components — with inter- 
ion of balanced vane and rotor give : d d Isati ss changeable cam rings for each differ- 
you that extra margin of long, trou- ring, and reduces surge and pulsation to a minimum. ent pumping cartridge — add still 
blefree service under all conditions. For added assurance of higher efficiencies, vanes are further to the versatility and long 
























Sn designed to contact the cam ring with dual sealing edges. _setvice life of Denison Pump/Motors. 

ator Sa Four sizes, each offering a series of interchangeable 
sist | 1 cam rings, provide capacities to meet your specific need. 
as 4 | | » | Operating at 1200 rpm and 2000 psi, they offer pumping 

of 4 capacities from 2.7 to 70 gpm. As motors, their torque 

fo ratings range from 13 to 257 pound-inches per 100 psi. 
1um Bi-Directional And all models are ready to operate as either pumps 
wit! Operation or motors, without alterations of any kind. Rugged, Space-caving 

Compactness 
ectly Al Pump / Motor models may be used Wherever you need rugged power for circuits Compact construction makes Denison 
ane 'or either clockwise or counter-clock- , . : . Pump/ Motors easier to adapt to any 
h wise rotation—operating with equal developing up to 2000 Pst, Denison Pump/Motors offer circuit plan. Model TMB12, shown 
! Cle efficiency in either direction! 2, the finest money can buy. Write today for bulletin P-5. above, delivering up to 7.5 gpm at 
ined Ce, 2000 psi is only 4%” high, 4%,” wide, 
of ! vie and 8” long including the shaft. 
I “SIZE FOR L\ / 

rect "A SIZE iw | —s 

4 
= EVERY NEED” Ot | 

Re- : The DENISON Engineering Company 
h ol 





1156 Dublin Rd., Columbus 16, Ohio 
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product improvement 
ideas consider 


nylon 


rod and strip 











This valve seat machined from FM-10001 
nylon rod outlasts 3 to § seats made from 
metal. Because of its resiliency, plus resist- 
ance to abrasion and corrosion, this nylon 
seat is practically ‘leakproof’. Machining 
was readily handled on metalworking 
equipment. 


Nylon formulations with properties tailor-made 
for specific applications are available, and 


will provide the performance you need. Many’ 


products such as valve seats, bearings, gears, 
instrument and control parts are now being 
made from several nylon formulations, because 
of the material's outstanding physical properties. 


Nylon rod and strip made to meet your job 
requirements can give you important savings in 
fabrication. You start production immediately, 
right from the blueprint. No waiting for expen- 
sive molds. Design changes can be made 
quickly, and the tooling costs are low. 


Folder Describes Types 
and Sizes Available .. . 
Just drop us a line for your free copy of this 


folder describing various nylon formulations, 
sizes available, etc. 


OLYMER CORPORATION 


Reading, Pa. 








New Machines 





an ohm can be measured on a @ 
rect reading linear scale calibrated 
0 to 100 microhms. Indicator } 

hydraulic pressure device and pre 

sure gage, 3-in. standard coppe 
electrodes, vacuum type dc mill 
voltmeter, resistance indicator ad 
juster, and de power source with 
suitable voltmeter and_indicater 
bulb. Size, 13 in. high, 20 in. wide, 
10 in. deep. Available shock mount- 
ed on caster type cart; overall 
dimensions with cart, 48 in. high 
24 in. wide, 18% deep. Weltronic 
Co., Detroit, Mich. 


Illuminated Magnifier: Mode! 
66SV portable high-intensity fluo. 
rescent fixture for industrial in. 
spection. Equipped with either a? 
or 4-power lens 2 by 4 in. in size. 
Lens holder is hinged so that light 
can be used with or without the lens. 
Lens also acts as chip shield when 
in use. Equipped with either 3 
heavy portable cast base or, for 
a more permanent installation, can 
be supplied with longer arms for 
machine or bench mounting. Stock- 


| er & Yale Inc., Marblehead, Mass. 


Internal Inspection Instrument: 
Long tubular Borescope can be 
used to investigate and inspect in- 


| side walls of surfaces of hollow 





| 
| 


NYLON 
& TEFLON 


N® rusine 


Pioneer Producers of Nylon Rod and Strip 


castings such as engine cylinders, 
crankcases, etc., which are acces 
sible only through a small hole. 
Internal walls appear magnified in 
large optical field of instrument. 
Tube diameter is 1-in.; various 
lengths from 20 in. are available. 
Contains a set of twelve highly 
corrected, achromatized, fluoride 
coated lenses whose field of vision 
is approximately 30 degrees (il 
cluded angle). Magnification 
ranges from 2x at target distance 
of 12 in. to 6.25x at 3 in. Entir 
inner wall of a hollow part cal 
be inspected by inserting instru 
ment to various depths and by 
rotating it around its own axis. 
Has built-in illumination which ca! 
light a comparatively dark sir 
face at several inches distance. 
Testa Mfg. Co., Los Angeles, Calif. 


Surface Comparator: Faxfilm 
Model BL-122. Clear plastic replica 
of a surface is made and projected 
in a microprojector to show minute 
details of surface condition wit) 
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-Air Control 
Starts with 
Schrader Valves 


"7 y | é , 
c ww 1S aN Three-W To use work ejection ... clamping . . . and the 
i LU - ree-Way numerous pneumatic sequence controls that 


Valve work wonders in the average plant, you need 













a 






fluo. 
| in 
az 
size. 






reliable valves. 










That’s where Schrader Valves come in. 





































































































= - Whether your air equipment is actuated by 
iis j hand, foot, cam or tripper, you'll find a Schrader 
ra engineered valve that exactly fits your needs. 
for With over a hundred different models to 
rs To Work choose from ... each functionally designed to 
och. cover a broad range of applications .. . you'll 
ass. Thr ee-Way have no trouble finding just the valve you need 
ont: Pilot Valve —one that is compact, easy to install, simple to 
be Double maintain. 
7 |0-0-O aon ‘ Each Schrader Valve is individually tested 
= yliQaer to full pressure rating before it is shipped. 
ces: That’s why you’re sure of reliable service from 
ole. every valve that bears the Schrader name. 
qe 4 N Whatever production layout you are design- 
vas am Vi ing, it’s nearly certain that air will play a big 
ble. part in making the installation a success. And, 
rhly wherever you design for air, remember— 
ide- Four-Way Valve Schrader Valves. 
> Pilot Operated To see how truly practical Schrader Valves 
ion \ | are... how you can’t help but benefit from their 
nee om use, write, describing your contemplated air 
tire (////1/7/7/7/7/7/ wer fill out the coupon below. 
“ ae Mail This Coupon Today 
br REG. U.S. PAT. OFF. control the air 
sis ro nnn nnn nnn 
cal A. SCHRADER’S SON 


Air Cylinders * Operating Valves * 
Press & Shear Controls * Air Ejection 
Sets * Blow Guns * Air Line Couplers * 


Division of Scovill Manufacturing Company, Incorporated 
476 Vanderbilt Avenue, Brooklyn 17, N. Y., Dept. V-4 


ur 
ice. 








— — oe we eee eee ee ee eee ee ol 
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| 
dif. Air Hose & Fittings * Hose Reels * Pres- 1 am interested in more information ON. .........seceeeeeseeeseseeesecceeescess 
ilm sure Regulators & Oilers * Air Strainers | 

Titl 
ica * Hydraulic Gauges * Uniflare Tube | ens si 
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ted ings | Company 
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ith Address 
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marked three-dimensional effect. 
Provides comparison projection of 
two replicas at 30-diameter magni- 
fication. Uses include comparison 
of work specimens with standard 
finishes in surface roughness in- 
spection, comparison of finishes 
obtained in machinability studies, 
and comparisons of surface 
changes in wear and life tests. Size, 
25 by 12 in. at base; 22% in. high; 
weight under 30 lb. For travel use, 
one projector may be removed from 
large unit and carried in 1114 by 
10 by 4-in. case weighing less than 
8 lb. Brush Development Co., In- 
strument Div., Cleveland, O. 


Cylinder Abrasion Tester: Model 
W-3981 for rating wear resistance 
of protective finishes—black oxid- 
ized or electroplated coatings, ex- 
truded plastic and enamel applied 
to aircaft, ordnance and metal fur- 
niture tubing and other cylindrical 
parts or test pieces. Adjusts to ac- 
commodate specimens from 14 to 
6 in. in diameter and 8 to 36 in. 
in length. Normal width of wear 


track is 1 in.; however, face of 
abrading medium can be narrowed 
to wear a track only %4-in. wide, 
Abrasion resistance is recorded jp 
terms of the number of complete 
revolutions of abradant wheel the 
surface will withstand before pene. 
tration of the protective finish per- 
mits corrosion to take place. Wear 
cycles are indicated by an electric 
counter. Taber Instrument Corp, 
North Tonawanda, N.Y. 


Optical Level: For measuring 
flatness, straightness and parallel- 
ism. Reads deviations from hori- 
zontal of 0.00012-in. per foot of 
length or 0.00001-in. per inch of 
length. Makes possible checking 
flatness of surface plates and ma- 
chine tool beds, straightness of cyl- 
indrical rolls and parallelism of V- 
ways or flats to values within closet 
working tolerances. Optical system 
consists of three bubble phials and 
two prisms. Amount and value of 
deviation from true horizontal in 
workpiece being examined are 
measured by means of a large di- 
ameter micrometer thimble and 
barrel. Instrument is 7 in. long. F. 


Widely Used Ordinary T. Griswold Mfg. Co., Wayne, Pa. 
Oil Lubrication Is . i alia deeente pale le ciaeamh tanaka 
Impractical or Impossible. 


EXCELLENT DURABILITY © CONSTANT 
CO-EFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
sousiries on caxsonizes @ OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE AND OTHER LIQUIDS © EXCEL- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY materials are also in wide use for oil- 
free, self-lubricating piston rings, seal rings, thrust 
washers, friction discs, pump vanes etc. 








Specialists in Finest Quality m= 
ELECTRICAL CONTAC 


Available in a wide choice of: 





OTHER GRAPHALLOY 


PRODUCTS CONTACT MATERIALS. Gibsiloy 


powdered metal compositions of silver 
or copper with refractory materials, 


fer aguteines masting Sw silver alloys, fine silver, palladium, 


electrical noise, low and con- 
stant contact drop, high current and others. 


density and minimum weer. CONTACTS CONTACT FORMS. Molded shapes, 
Used for SELSYNS, DYNA- rivets,""Steelbacks", stampings, screws, 
MOTORS, SYNCHROS, ROTA- , overlay types, and others. 


TING STRAIN GAGE pick-ups 
and many other applications. q 

Write for data sheets. Outline your problem and let 
us help solve it. 


GRAPHITE METALLIZING 
CORPORATION 


1045 NEPPERHAN AVENUE + YONKERS, N. Y. 


CONTACT ASSEMBLIES. We can 
rivet, weld, or braze contacts to con- 
tact supports—furnished either by us 
or our customers. 


Send for Catalog C-520 for more in- 
formation. Our engineers will gladly 
help you wiih your contact problems. 


) Z a 
TManufaclurred by 


Gipson EcectrRic COMPANY 


8355 Frankstown Ave., Pittsburgh 21, Pa. 
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